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.j*Ia2L» Jiat^ *LtlV*U jliA ^Jolill,< JLseI * u( JLc JjJ t-4_4 ^lUJU 

>-j, iflj 4>1 sj>j.*j j^j»j ' jJ 1 • •? l y 1 juc w , 1 n ^L>Llx 1* w ir^ ^ Ji *iLtS uL*o w fSL^ i 

1 tlkL?" t N JjLkLh .vtf j 1 jUl jL3Jt a^iA j r i?jiaJi 


B 


Aixo* f j^Sljdl l 3111 >3 Jtoaj - T 


Right Hand Screw Rule 3ujj-Jt Sjuili • 


J^itJu jUJ jM J>Sb till* J-Sj-4 - il* ^ ^.Aallill JL?4 < Jyi.*.ll 

uj^LLc 4S^> 1 ^3) loajJl alAo 1 ^ .jlmuii JlJi (Screw iojjli) 4*J^J 6*J5 J 

3ill' ^3 w , jLlU' aL-Stj* L^j'jaO 0 Lsbjl j * - j ; w 3aU' iijg 

LjvKJJl ^3 1 4 ^ ^ U; jJlc. iUr. *! i Ji_=tl i Ajcj^ J«-V l44&LdJkJ k oLs^i ^jta 


Magnetic Dipole 


-(*- Y) - (t- Y) 

i it-^i*i ^LLj jLu d> j^j L3L* jl3 




hj j4 SJ* w wLuaJ* 5 ji 1 j j^i P < <ir ,t| ^ 1 J Ai.M^jJb UJL* < j *Uj? LyJ I 1 <Uj ^jSJ 1 


N Jh*A 'u^t Jj> l jrl .U^ Laji jja biiliil ^iikll ^Ja V 4ii .kv>^Uj 

^ 1 j * hJ? ljL LjhJ^Lu ;Lhj ^ ■ * v4j ^ ^ L«j jJlJhU* iS 

.(IT * T ) ^jl jj . 1 ~.'.tf.* ^ULaJ <U wuC^a.* 




Ul^Jl lajj iS^s- ilsll ^ jlu 4 j j4t ^>i Uii * * * , . 

v ~ a L 1 |i 4 jJj_iJ| JJLC.U 

(Ja^Ji pUoi) 


jJucj I I Cm *Ja3 JjAIjs t-kU — xWUid* isLtf *^uc* 

jjl ul [1 jjL 1 »lr t 1 >4- A A Il A jLj 4> ^4Jji .Adi 20 4 jU! 

4 K x 10' 7 Weber/A.m 


B - H ^ T 1 _ 4 Tt x 10 7 x 20 x 1.4 
2r " 2x0.11 


= ^ x 22 x 10 7 x 20 x 1.4 = |6xl0 -5 Tesla 
7x2 xO.Ll 





jJ|_u ( m \ - Y ) W IS— jJ 1 ^3 ^ ij jf ^ jLu jiiid i—til* IjjJa JLa^j L*Jtiil 


^ «L-J I ■ a _J ■ / ^ .-1 f ^ .,. J t , 4 Vl JL»1 ’ 1 _-J 1 ^ J ^ . .. i L-% l m m 

j Uiall ■ ■- * JJ-4J ia ijk ^Tmt ij t (' V t ) JSLAJ’ Jw** 

^^ax.ith 4i* , jlk* jL^_ 4 3toL±4J lai- J£ l£) .iJtU* 

1 A..J-. * Jj t i ^ I x _' \_».1 ^ t 1 J j.,1 1 

■ .Mill 1 ...j.tnrt J 1 ±± ita _ r ±jj_tla 'uii * 




^ jy n in li ^ . _. jpt . %i 1 JI 5 J 1 


_ — JbJ I -W.Jrt.W'; - \ 

-I-V-'j J"&>W4^ frJk&liii ^f J,f^J^4»L JljiJi 1 rfjitEci# ’4J 


^JjJLfl L-kJll j4-^i 1 ^ki 4 trial j\ JUc, ^y^faJaUal.l ki.ft ijjLtS ■ ’■<* +■) yi 3 

1 ^ j£ ij^it crij-t^ jl-jj *J j“*J L?*^ 1 

B « I ^ ll > jUi jLIIi iii -1 

B <*= n 5jk>s c*LiJJt jjuc. - r 

,\ B oc nl 


B - f.i nl 


t \ fUj 





c aojLuJ* asVjJ* 



(t-r) 

. t *!£=> JA* JLUU J£Ji jj*ll N Ijj- 

SJL£.Lfl |*.V->— t.t,..j jLu A> J.‘ jj’ L^tlXl w * JtUJlJJ J 

1 ) jj 1 5 wjUkJ ^^Vb 4 ^ V* ^jj 5 u u *■ * ; > * 1 y ■ 1 *' '' ~ ^ajJ 1 

.(^T-'r 


^ ■ ’ 4_SLL£ ~^ 1 a0.7 A <J 1 A jL*J <b ^4J1 4_jJ 800 ^ - -1 ‘J JjjSLu " \ 

20cm jLi LaJi . tfjVtH* ^l£. rJtiji ALCtjj ^ ...^UC iti 


B = 


{iNI _ 4 x 22 x IQ -7 x 800 x 0,7 
1 ~ 7x0.2 

= 3.52 x l O' 3 Tesla 


^jUJI Jt JoLX > ^ 1 A±\JS JuJ >;'M' ^^SJi jLJi ijA V ^-*| - T 

djisLUi JLt L*iiz. . lujjJ l ■ /' » Alt-s* - 0.815 Tesla 0 **LuJ 

1 .63 x 10'^ Weber/Am ^ j. ....ut^ti 

■ J *Ji 


B=,^ 


0.815 = 


1.63 x 10 1 x 800 x I 


I = 


0,815x0.2 


1.63 x 10 2 x 800 


0.2 

- = 0.0125 A = 12.5 mA 




X 

X 


F 

X 


X 

X 


1 ^ r 1 1 _> t-T Uti-4 JL»»J« • 

JL>s£l ' jLj 4 j >*j 


jmu jLtl 4 j j-4-> j» LCL* IU-m* j bj 

, 1 1 1 , .. 1 1 L-ii-J di L *l , .t *% 1 j ■* j 

jjfe LoS 1 JlrJ I w ^ * 4 jjjL Ap j*o£, 

.(V-T 

jLaJJI i?L?u 1 It --C** i i] 3 ^Ji aLauI C«t ^ 

JS ^,3 * a*L^ jjJI* jM[ j> lf> Hili JLfci * Ap*jI ^ 

Ajsui Jj-< JS jXc, i_* * ** S^JLh jlstj i Jj^Sj J| 

. JbJ 1 ^^SLH jUaJi 

(JjSj| ,<SjJkj 5j3 lLLLaJ* 1 1 i T"i 

, jLj 4 j iilL-t 

jbj X Li^iJi) liia^tL. »bu! J-* JS ^-k, U^ju 

pUldJ! 

i ^ .. ,Ut :>h JL_?J ' 

jLJ 44 >v L kL* .jJU- ^p**JaLlil* JLal * Uj jJW u *! 1 

> • jfjMdhJ 1 JuJ 1 3 Jui Ls j ' dL r j* , JL^il 1 Asui 



X 

X 


A 

[lx 

X 


l 

t 


X 

X 


* B 

X 


i Fleming’s Left Hand Ru le *.v»uiJ p -vJ< jj^ij 




ii Ji ,t t^U* 


jj^J 1 4 JJ £lLJj Skills 


djlwJt ^iaJl Jajl ^llu 3 1 ^jjLStJ 
tjk* l - A^b 1 4 

^jJj 4 j L a.oJI ..^jluuaVl 

jjL«>VI 4 jJU| 4 yd* JaLill jL^lj I 

.iVlt,c i jt ± Ih Jl Iq^r V.* 

* ^jJlM jJ 1 j Auj 

tji L*£ *i*l 1 ..ill aLsijI ^LUbi 

.(A-Y) JS^Ji 

lIILlu ^JjL 5jjjX^ 4jl Ai A 

^ j - LujA 




| ^Oii otfiii Adi ^b jairfl v ^ 

T^vyf»rc. 

f ^Jj Jj i ^AeuJl 

f 










i Jbtj* 



l - 1 

F ^ -£ ■ J ^ . 1 dluJl J+b wu^loj F 3 vJb 

I ^^£]i jLJl sjlJ* “T 

F ^ I Jl ^1 <dliJl ^ jLU ^j^^SLh jUxJ' SjJI m ^um^UJu F 

B ^^ : uin 44 US' -T 

F B 4j' _s ^ i B ^ -*■ ■■ *Q u v*JWuiF A3 LtS \4 Lo^>«2 sJUiiillJ F 0^1i5 

i u#Sj £U j*j 

F*BU 

.*. F = const x Bit 

jJ^i w-aAj i Tesla ■ ■■ *tl ^ .» : Ui:^h i ^tl 2 + l X - * oJl^^ ^LisjJ -%j 1 ,r 7 * 


1 J^l J 4 jJLj5i ^Jj^S jL3 4j ju*J * jIm JL3-t$ 

Weber/m 2 - N/Ain 


F=RU (Newton) 


JLc. aji 

if* 

1 0^4 

( t-i ) 


B - ~ Tesla *i 

o^i jJ^I a L^LlAX* ^SAJlJl 43 Li? 4^3 1 ^lA-d-h 43 ljL?^JL>ji 

1 JL>U 1 4 jju 1 jLlj As jj%j JL^ij j^La 4 ]^lsa jJLiui ^JLc JL^-' ji t Aj LiAd 

^ < i. *w i 1 Ji y^SLj U<ju^ 

JL?tl 1 ^L?ui J^o ^UuJ ^ ^j^SLSi jLIli <j dLL-J 1 J 3 S 0 L>ju^j 

J> w «. j ntei* Jujuc -(A- Y) jSLUi^a U5- 6 a*yjH 

f'* * B COS 0 *dLLJi ^ jU-D 1 alsuV < ^rwJT>^ 

1 J^Su illsJl tfJLA ^-3 4 I B Sin 0 LAj1jlL« 3 . diL-Jl jUUl w Ji£* 4 j 3 j^jL 


F= Bl i sin 0 

j jj£j LaJUC * ji flmlJ aI , t . j 0 ,jjSu La J-iC ^ Jjuj F SjyoJt Jjl _> j .■"* . 43 >VjJ 1 AilA ^V* 

.^T^y ^.-a ^ . ■. lLJ . 41 1 I j i J 1 1 mi 1 * 




vltYL*' ^ 3 ^jU^ !?L5cj 1 J x VI ^ l X + \ 

43cAualk 



M 


B^*0 

F=0 

0> 


0 i* alj ^iijaililt JUvl i jLvj | jL>j 1 ^ jLu 4) ^ j!U> 

jJlu 3 Y 0 Jj£j L*_1 a£ SjJS LUj *vJ <JL?eS < jbfcll ^ >1 l--tl) 0-0 jit Sj-iJl |* -iM-k^i ■! 


^-yLj 

^ -4- l. a l- * i 4}Us i j' ^_r- 1 1 i jLuji lLLL*^ I j j.Ijij j 1 ^ j L ■ ^ 

JLS 'jj i w v-dj v -^ JijL^JJ' JLS 'i[ -'\ ^ 1 * Ji^Su^ _h C L T * 

i^JUJ’ 4 ^$}* ^JLc 3^U l oIm<^ *»?UsuY* ^ .v * JijUJ 1 



jLu Oyj ] 1 ^L* e^SJL* Jru 

Jij j- U j J ^jUU 1 * <*jj i^uYt ^yJij jijluJi * t 


i^un ai^iLMU 



j^jj \ U 1 ^>dy«Jl 


pfr 


Jbu jbuJ 1 j y-j +c & 4 A jLS 4 j jj*j 30cm 4J^b dJiui 

- ^ L 4T i ^_.i j !~i djCS ■ ■ '*•■»! 6 IN \jb j'jii.4 w ^jU* 


F - BU 
6 = B x 4 x 0.3 

B « A 

4x0.3 1.2 


= 5 Tesla 


^ ■ » .a-ViIAX* JL?tI ■ L^j ^ * j * 1 1 ^*>1 JUl* wliLu i i .Lv'., a -Y 

30 l«^u JiU *1 jjl ujSj L#4_ljjL l*JJL*JI 
F = B1 l sin 0 i J— -■i t tt 

= 5x4x03x1 =3N 
2 



ji j; , « ^ o ^ -T JfiLi) abed jd* li^jJ <i! 

^2_rt) ad T be ^ yLS JiLi .fdalLLl ^ ■ ... lUil »! i 

JU^SUit cd ,. ab > vlS l-i . *>« ^jU*; \+v* 5ji>ii 


JUjSLjj *iCjfcjYl j.I^a! l ^3 Jn aj j ' jJ 

“ j£*J i F=BI U^-4 JS j i 

d_4j-i jj£3j iJJ" J>=- <-4iU' ijtjjj o4t Jjjj <-iUl 1 jjj . ( ^ )} i a{ | 







j jLyUI ^iL^Tt J — ^ \ UJL*j 1 j <Uj'LjJ'< ?Ujj^£h ^jVi ^Jk>-jJi 


■ ^ £>*oy 

I a j 1 1 1 JjuJi X JrujyoJl J “ > \jJ ' 

T = B1 l cd i bc =B,A 

^ cc j ~~ kU.1 ^ a <y- \jut-* w _^> A uu: 


■ 


.^U-j ,^JSJ| f>*N iif N ^ic. -kU.1 J\S 

(Y-«) 


T = BIAN = B|mj| 


JaL^Ul 


_kij! „■■ * 1 ' * . 


nij’l = IAN 


ii-uj.1 ^ ^ a &* i * Magnetic Dipole Momenl 

4j[£ lit ilUi . jLilfl tfLaul aA* i oL^bj* «l±lt i-WjJ f-iaj aLajI 

-’> JiLaJ j3$Al j*}* — iLi 1 

^j-£. Jjli s ^ri4jil > JLj i3t^ t I i m 4 ij\£ lit L*’ 

(Y-n) 


X = BIAN sin 0 


viUiiH ijJUS ^Jmc aU^it ^a>*) (JflUl ^ 

,Nm jJb £.! I !*J»jt ^wtloj^ .£g i iitflllill J*3 * (m d w ...L^l ■ »! > 

£j*f^ ^ ^ ^ ij!Z± ^ >1 ?c 1 ^ -j 

4 jL(P ^3 J ^ ^ 7?1 > 4j^U p~i : .- ,. j;jJt & 1 ^ Ljj^ ^ .jj .. 








I 


, jLswJJ Lflolf. -wj 






^ ■ - j.I"i Llju, I - . T -^-- T l 

JLxl * jLi 




► 

LT M 


B 

N *1 







JWfcl i ^Ac iia lit (j^iiLj J>_5- * 

JImU jijj w * n iSftm» i„. ■ h ,jj > ^Uj 

JiSjj 



^113 * di^ tpL&l ^aL*U jLkLt * j 

, JlaJ, 1 0 ijjijj Jaaj w . . u.yn 


»;U JiLi ^ ^ 

•aE= 


Y^y^y* 


>1 


■JAK 


tttt I uuaU £ 


TTS 




i ( ^ ■ ■ ^} 1 j~*‘ ii. j*i < U I t ) *JJ j_>whl 1 '*\ti j. jt j - *j *i ■ •■* I -*-j I 


* k ^ T j-uji jl^Moving Coil Galvanometer ^kili ji 

jiij^uj . *L* *jj»a ^a 1 jl> JjIjUj J*V. il^u Ut 

JjLi jLu 4j j- 4J tJaLj >i£il Z^i-OV* f *Uf £j£± JL4-JJ* . L^Jtl-JU 1 

laLu Jbt* <^i 4jjj*ll 




|ft§tajJJJ jl_ t tbj 


jj* ^ 



, * w JLL,-« Ji J^aj jlS'* jJl'jjLaJLriJ >■ - ^ 




jbJUJ^wlaLIill ^m^P< -^-Mi ^ yU ^jiaUA< ^ j *U j LyJ ^ jJjY* 1 


jU^J ij^" v^J^oL* ££J5j dAJU* Jy* d±i« (t t"^( .JLui) dXuuLij}* 

w dS JfJU Jl ^ - ,1 » (t ^ J tWi trn s 

J+* UJ J~^v * j^-ajJ 1 J-^ ^it kailJ ♦ kibU ki'dA^J 4 . 1 .i„» Soft Iron 

t^A ^5j a!Sj^ ^ i^S-stJ^j Horse Shoe , **ds- jSLd />£ 

j UiJ 1 JAi flLpwV LljJ} i hibI 1 « U 4^mJJU jLL~JlJ wVUm3 JUjJ (4A^>MjJ* *0 tLy^lJ 1 wind'll 1 
*btji fjiS*. y dtL-J* *_jjLa£. jUuJ ^s l£jjkg S' ^-djlu wvUU JSL*j 4uUf j^Jj 

J ^Mjlqlt JyTLl.i. ll-itLmtt ^uladJ 1 4jl Jidjl Jm 4 »4tL*Jl yjjLit 

jiaAoJ^ <JsLLS 1 -l* , jlU^i >1 v ^ U <i ‘ i.v ^Jk. I * j] * *; ^ ■ ■■_ -it 1 a h la u£^J 

jLatL ► ladjJ ?- ji ^iiil I k>yj ilJl^ \ * j * ukiil <U-2 {/dll \*x 1 4ujIj ^ 1 

jdill utl^Jul Jj_3tJ 4j:t*Jj 'Aij .41 ^ViuJ^laJ 1 qulkjf 4g j - 1-iLh T ,A Jujlj^i 

w d> Jt-ajV 1 4&jJb w v* l.^1V w a^£J* jLlIJ* v uu L* jujc, v > jUi jUUI ^a * ^ w-m*UL 
^ ,.kUtl_fcli ^^jji JLi dS;$Jl sLswl vjr i ^uuS'l 4ja jja Jj-lj aUul 

jdj- jj1jJ,i tiJ \jeJ_Li-* .ktLwJI vjLLc iS j_> *Lhj1 ■ jIQ ^k. Jg*jj L«Jm=- ^j~ ■> 

JiUUl J,£. ^1^3^ 1 J-* > d* 4JLfl 4 j 3^ jjl i^k idjw *1 ^5 ^Lil 

* jUU 1 JJld ** i jit j *J 1 1 M 1 jJt ij h 4tL«J k ^ijldt ^bu] ji J -*^ ^d! 1 4J^u^f1 

^LstiJ ^LiauJ ^LajJ ^dili jj ^jj^SJi jUjJI U jut * 

.kLJi hqjldt iSj^ 









Is Re 

VVV 


2u R» 

— vw 



jUIlf ^ 4 * 

jJU^iUbJ! * I 

. i ju^ 3^ib«3 j££ jJU>Sn aa^\JL* Jam jU ^ 1 j£*s >> 

> " 1 i V 1 JLi-j| -i *-i iLajjtlj * - -■ *1 4^Uii ^LLJi 1-s.A r 1 % ~ V - j^ILaj ^*1 

^ ^oj j * 1^ ^j* jJU dl ^ j-*J jliUl *AA ^ (*Ea£.Vl 

<U-Lii j ' y J, 1 jtilli w Ja * J 1 4 jL^J l j^£j Uulc.4 *1 n AjJuL J* ;Ljj ^2*$jLais*Jl iJlid 

■ JLi I 

I = I g + I s 

t R s jUiii R^ ji^sfci 1 w^i a^ul* Uoicj 


] * R >=h R ! 


R. = *« *« 


l s 

. ' JC-1 a 'ut^AS jla Jju J^J*J * ^iiL JUL-al* R s i Rn ^il^aLall jV 

< ji JWeJ R^ jUJJl 4n**ld> ijb* 


0*-T) 



i \ J 



40t &m Jbau 1 

rov^<\n 


jlj^J 1 JU^>kU ^Jj jJ i ^IkmiJI 





.JO. 


5mA jLu 4 j L^p 4^1 jjw [ ittrilj 2ii 4 iLi 4 ut^Lu 

>44^^ JJ <*'Jl*LL**\ ^jJl jUUl *U*fUL* ^41 b* 

■s 10A 4 ^JjoZ! 


.. K K 0.005x2 

R ' = tf = loTomE 

p 

r = iL2L = o.oo] Q 

& 9.995 


■W 


i DC Voltmeter j 4" mtijltuJ* >3 


. ^ i*y* ^U 3 J jl j^Lkljhi l 

Spb^-s JiZaa? >±x ^UiJ |*4 j >* >Ii ^II^SJUs 

4 b^%U ^ ^LlaJ jfc. l 1 1 * > 1 >L< t tJu£ LL* y — * 

wJLjmJ 1 * yLo-i-^ us jJbJ 1 j ~* v+ ^3 ^ 

J ^ . a j T 1 1 c v* JjyLa .l^jth ^ r ^«ii 1 j) Let > It j 


U9 1 jjfej ] sj 1 jj^ ^ t » ^ jJLa ^ UtW.) I iJat* ^3 jla JiJ t jjJl jl 4 j j%Lw4.1 ^ 

4 bjpteJ , jr k*Jb O^aJ* £j3 ^UdJ p\jkb*2**) Gjjl Ibj lo$J £Uj.JuJl ^1 

3 ^'jJ 1 Jh* 1 jLG y.% *«*■) V* *jl* jii . 4 JLx 4 l*flLlji jl^ jj; Vjt 


(JaJli dkiuJ ,4^ui J^5*J * £jJb ^ Ua^jteJU I ^4JU il * JLSfej V (jJUUjj ( A 4 U 1 V 1 

JL^i] ixxUiali 0_4aULIl ^>±4 'JUy ^aaLflj^J Jx JLejjLabt! t 

.(M.T) jsl£J> ij> us .Multiplier Resistance 



Jl ^*>iUW i 







j jUfaJaUji^ ^iLiTt J. — ^>A.H jj$-5 1 j <jj i>,“) < 4o j4^f > ^jVl JjL>jJ> 


^g - Ig Rg 


. 4 ^Ui l^^ILu ' ^ "» w • -^ * I j 


V — Ig Rg + lg Rm “ ^g + ^g Rrri 





(T-A ) 


■ 


,4il£. JL^Seft £jh ^Li-S L-ijlifll> J* 4?^- ji 1.0 Tlj^SJ* ^a^Jj 

R ^ .jtA I ii^ 1 , ^ 4 ^ 4 Lt^ U R g I ^ 1 1 ■ i a 4 ^ Jr ^ J * 1 »i iJ L£ ) ji dJ jJ 

^LM jLkJLfl Gl±A Ig ^ ^ ^ 4 J jLLi ~-i i *■ ^to ijj£j dJjJ i Rg u ^JljJJi w l*~ 4 l^ i * 

, JjjdJi 44(44 J*^ 

» $a )W^t 5 11 JaJU J*, * ^>5 ojS^ JuduCj 


4 SoJ « jLu 4 j ^w 4 J L* jue, 4 J da 1 jJU* jl 0 , 1 Q 4 dJU ^ * ji ■+ ■* ^JL^lJtL?* 

*>± uV *Li kl gr.Liij jIimI^ -jl) 4Jb^Il j_*j^ifi .4.%^ A4£.UaJlt a LkX 1 <^1 P 1 mm A 

50 V _ M <Ql4i J4^- 

8 j^r* 

V g = Ig R g = 0,001 x 0.1 = t x HH V 


u V-V g 50-lxlCM 
I g 1 X 10-3 

= 49999.9 H 


t Jx 4 JJ ^ill 3U1SJ* SajjLali Jl U j* 


Riotal = 49999.9 + 0.1= 50000 ii 




— 1 ^arbjjt j Li .’ iU ^ m i ~’ 1_J^1 ' ^/d*Ti j ._ d_. i M.1l 3 Llx« j 1 j *UjLuJ> ^S* 3 _i_> 4) ’ 


Rg=250i2 


Ohmmeter « 


n — 

1 — s-> ijui 




656X1 

^Liu 

1 6v 


ij,Ux J.ojla. 31 ^ 

3000L1 


Lijlov 

-O Rx O 


SjjU 



(J k.j jL^fi jLlUi S_kJL ^ic L* aj jLLj ^Lii .Uj*j 

>*-jt ^3 j^UiuVij I jUt jWi Sui jk U*k ij »3 jjx. Voltage Drop - 4 * 1 1 ^ 

.(R = V / I) f,l J,JU > L*L^- j_S*i R . V 

jlA^UalaiH bj*\MAi SjJii a!< ^ ~J^U jij UX.4> ilM JIa ■ijj 

^ jfci» j-LmJI Jill 4_4^Lil> ^^0 -0 0 “ \ * J£-i) Qj *U i * k* iLH,< 4 4..i,fl a.,i I 


4r*li <ic1 jj J Juj <J jUi ,UJ jjjjl ^J'lJL Jij* 

."jllmfM* U * IM | | 4 J Jj J , 4 >*lall 

400|iA ^ >inii« I f ^Sj.4 .0 JS-U') ^ 2 ^^ jt *■ it j 

5jxiL* 4 jjUL» dUoSj * 300012 £* ^tjU* JLc. * 250Q 4LiflL*| ,j*4aJ^ o^iS 
4JL4$UL>i JL*a[ k* 1 ,5 V kxj y^J » 4ju*i jJ' <SjJ JaL> j C ^4 4 656512 i&ijm 

.4±1MjJ1 

j£J# .^^JT jLjJ bjjijdi ^ J^4 (R x =0) jLjJL^Y* ^yu f*ju L*jucj 


r ~ — - — — — 3750 £2 443 UL 4 ^ fj\ ^^pjLLkj .jjjijU 1 <ji^j jji jij^t> 

400 x I0‘ 6 

^J$Ju (**i Ul>*Ijd ^4 aU1^ Lkj^ktkj 

5000 ■ *j * * j t > iUiu^i jLui ^ * (250 4" 3000 12) ^ jla 

Jil iJ ? 1 ■ « ^JLJL* J±u Jil jLu j -t * * - iju ^ wJ ‘ ^ (jV* -~ -LV 1^1 





R x k* jjlli 44 1*\ ilVjL> ^tfc4 j5Lo i*j4Jj -b| 

j i i ^tiiL± M j « 200 |iA ^ i * ■ " 37 o ^i^i 

Jl^jJfcjVl glUL — (7500Q) 4^JljJl » 4* J\} ^ ^.~4 iS * A I i4j 2 U 5 LUI CJa^—Luil *jJ) 
“ JlljAjVl jij-i-Lu (1 I 25012) dytjjl -4 4jLd_rf J I L- ’ 3 ^ j* ‘ -* J_*$ .JJjJlJl y 

lOOjiA ^jufi 

Jjjji tfbcji w> *£i jy^ (\ % . Y ) JS^ WU 5 UIJ * i^T.^ti j^jjlJ 1 Jl U* 

LUJa r (jUI>Vi Jilt) ^ j t ■ ‘ j ^4aLLi Jj'ljj fll jl ^Jj.«u * jU_D i 

ju.LJj * 4JjiU« J l4 J mjJ ^ Liaji Jl w-i*j 

4^»ll i-ij LA-ja Jwi ^ 1 . 4 1 )^ 


R X U2) 

I(1A 

0 

400 

3750 

200 

11250 

100 

00 

0 




Jy>ii 


4j d J<s\j-i ^ 1 -■ ^^4 )J .i.4.i.lj jUU ^L^oJl tfj-^?- 1 ^jiV 1 £JUfr 

v .0 Y-X JLj) Multimeter a LLL 1 « jLUij a t L> ^ l^li| Analog 

^ujiLdll $\ jUili jl **4-*3 l <Uxi Jju 4U43j jIucJ 5clji 3j^*V* 

|fc^t I all J v _4j*Jt i4jL.4-fljJl -T Jbfc ^.4 iM^jj 4 v_-kl_^_4 Jj 4_*lLi 

wUijJSJyt jui^* ,0 A* X JSL1) Digital Multimeter ^i^Vt ^JiJLJLLi 4uii J 1 





^ jLU 1 ft ' 1 1 1 4 7 - aj^J*3i 1 ' dCufca. . ( jjillJ 1 J ^ T^ 1 ) ^ 

iAC ’i«>i* j' jUU* jis iij ui . DC/Multi meter Jii dJjJ DC 

. AC/Multimeter --■ jW ij^vt jti 





j j jLJUI ^ i U1T i> J_^AH A^u^Ia iXx*jj4$i} 1 j ^UjLjJ' ^jV> 



■ 


I iL^UttVl 

*^^4$ jLj 4j ^ liiL. Jjj- ^niAUlli^ Jbc_4 -J^L 0 

l JJtt4 i * U Ili» J'bu C^p^LlM w lr ^y 3 J ^ ^U?£ jllji^hi 0 

-dULJi > (I) 

i jLIli jjul (lj) 

j. ^ - * iiLLj. ^ jmj jLm Jxi iL a Lm JLjJ 1 sI-j^I 6^V * 

j * ; ^plaJl Jujl 3*1£.L± t ^klu lj 

j rt W JSLii dJLLuM ^ ;Lp Jn£- *,^iLJl ^ foUiJj Jl-s*£ * • 

■ ^j-a- i-M-'S t ■ ■ t t I L?t» ' JS^Ot JL> ^1 ^ • ■'■- * 

. ^ jU3 4 j jm*J ^Jj-jU - jle ^ *l\ j.-ii-i M 44 * -i - i* j 1 1 0 

. j-jhjI_l1i J&Ut JjLU 3jy& (I) 
.^jjtjJi i .il U ^ jLU jLmJ* 3jlA (l-j) 

^Ui 1 ^ -•* '» (_*£*) 

J.ifc.L.^b ^ ^ j ^ jLlj <Lj jjfcj i.*al* Jjffj-* -lie. w .^ *UL 141 1 jLstl 1 aLasj) jtj-I 0 

JlJl SjLcla 

J ; LzJ 1 J 5 j nl < ilLLhv iJ & j ^ jLy j i ^ ^ i Li l '■ » 1 1 jU*i k 0 

. bbi . . . . ^ .iT LH t J ^1 1 i* j *s ^ 1 

^ jJ* wall' Jj-lj j^™rd I 4£oij ^1 -tic I jl>.»_./i.J k 4^115 0 



. ,> JS ^ jLu <J 

.jlil jLaaJI j.L> ( 1 ) 

. Ji^taV' a J&-} ^ OLiUl JJ^. (wj) 

w A J k A*J ijjJ 1 0 wUL'lf A. j ±1. ..*i i^S jLu <] fcAi jT jJ 1 ■ -■■ n 1 d xjlaj JhiiTI 0 

N/Am *Tesla , Web / m 2 _-; t - t ‘- tl ^.ati iius 5^5 * 

i 




l^artaciiuwu ^b^-jiJI 

1 Cj m» ( C 






u 1 3 ^ Q < j .^mi <_ L ^ r U l;j^ j ^<; t i j a. ^ U1T \ i ^JjYt 

jLu Aj w^j llLL* ^Li j 1 -**-^ ^ ~- j JUui i^j ^j-U k LgUUi --ibaJL L JJ' JL^1jL»J k # 



i ^ JIaI I ^Ja £>uo> * i-jjjS 

>jLJJf *'JuOJ ( l^ ) 4 . wJLLu«-j I v * (J ) 

- __ ujti f ^---v^’ii * i-p - ) 

.^Jiula'ujfcll Jbtj, 1 uliuJl I (■*) 

1 Jlr* -<-■ n ^ lZjIjLls vyk. l * ■ h Si. + j^Artlidj jl^r* * tl3jAti1 ^Laill jj LiirJ 1 • 

■ l^A bu I JlJAj^j j l_i_£i a La j ^ <3 

4Sj_>_U Jj'lS <-£tld ^ jJ^l lIJ v-VJJ. I 3 ri't i ^ jJl 4 AJ LdJjeJ I 5^1* A 

. ^ . ..,1-sr.^ Jbt* 


.Bjlr-all «4aL* jLm jjjji .jJal ^jyuu^ ij j-IJ^ ^LaB *UaiLa?« • 

^*n ^o^vuLwo ^^3 jtll jLJJ 1 cjui ^LJaJ Sj^Lsw ^b-J.^gj jljj- : # 

i liljJtLA '_L_L4 ^ ^ uu4 iJ Lab Luj Lt-u ) 

^ ;LuL*» g^Oe_* ^luu &>ou*j ^ollL* >.4 jj Libd I * 

- JlsI* 


jLu VtAj ijjjL> jJijB V llU jJ j. * ij j. i * ^ ( jLijy > J^») dLfl gLS_< P 

, i _ T ia 4k-* 3 J dk, 3-jJ^dJ' 

Ltt Lull _^a 4 Bjjlj* t^flrL^ai jjjc ^ St^ ^yjL.rfJ ^ jar,u.Hj jl_£j> * 1 P 

5_4jalii' i\>_y_£ oj-jiLLj ^i'jjyl j_4 ^b^L^b- 

^■L,t. i jj JkLc. 4_1 mjS" 1 ,>e ^vSiAi IjUj ■-,v*v,m.i V 4j Lji ^J-U<jlja.^ A^^LLa ^ * l^bj • 

. 4lj /- J^r Jf 1 ^ Jf *i^2 i jj-Ii-.I Bj^L I Jill 

, 4 r 3^.'* ifl ^Li! ^bpiwij : j-r vU^*v* • 
utLz* >3 - r : : B>btdLd ^Ij'u ^ ^J-c J^ja ^la-il • 

i^j Jj t 1 ,5 V 

>di jj-!ju<; . if^Jy 3.4 lj-^j{ J-ijjl jL-J! LtS* wjb j 1 ' bu 

. ^vji Llh 







,_wLyaJi ? j4j>< j ^U?* J— -ail i A^jkUJUjj^Sf <Uj j^E? > ^ jV • j J k>y 1 

. Ol^JI 

C i-'i . ■- . Ji L*il. JjU ^y£, jjjt cl LLlJLiJ t -''1-: 1 Jv-LLl 6 ^ - xI^Lj»1 I a ; -- 1 * AiVS ^JU-J • 

B ~ weber/m 2 (or Tesla) < ^ I <j^ui jUi <b 


] jLUl r J^ jlai lJo-L q - 1.1^.. ^ x.n it-^lj4t l all ^LSLl^ ^TaJlJ' • 

i tJH* W AiLil A dif jLil 

B =ii-lL (Tesla) 

- 2r 

4jUJ y J l£. c Jfll 1 J 5 L 4 JL^Ijj 1 ^Jjc. j31*Aj ^1 JlLc if Ul£ (vjhjlo * 

1 iiiV-aJ^ ^ B ll> 4j £ dialog N 

B - Jii^L (Tesla) 

t 

JM— ^ U j ■ ■•*» a_4 4 I l ? k j Lu / 4 j *La ip^£~ £ jJ j-1 * Sjuii 1 ,_,Tj_u * 

1 I ^ _a R ^ Ul^ ‘ -ii i Lip* a 

F = B 1 1 sin 0 

,^ J .<,i>,.ii.^>lliI1 Jl$ei 1 dlLyJf 3 jj>,i n,^l * ijjlJJ) 0 jjufr 

Al j*jQJI 4jLii JJLlLs A jcL3*L-Uj_ 4 J L t-1 n .- pj a L a i. a _J.il 1 1_ ^~ > '^ 1 • 

4 .4k*iyA-sJ'lj B dJ^ViJj ^LaliS^ | ^..-J,i.^l<T) LlJSL^ iJt>A bj ' 1 j,LuJ 

T — B [ A N = rn*B Nm 


1 ’*1 b ' " * ^JLc. ‘ ,^I J * ' — :!.<■- J-l ! 4 JjUj 3_2; Rlj -IAN 

Jv* ^ t_ t 4V> ^UJU' * j;^3e-4. M • 

J ; J ■ -M \ ■ _.-V. A ii ^ J ^ A R 4 ‘-‘ |J| 1 ^ I I., ti, \ a Jl I -V ■ _. ^ ■ "* ^ t J ;t . jIjuU I 

.iJUl jtiiil jjlA 


i.*LL. R, i., L R. =: 

s . , T ^ r 


R m = 


v-v 


£ 


] s 


4± *>' jJ I ^yt _-5 -L^y- j *iT ' ■ :"r I I iSU jUil jl,ULJ # 


Ig (;L^JI AL* 4-k, 3> N £ ‘ W JSJ» id-tLlal^ i_ja^Ldi1 R f ^ sitA^ 

,^1 j Lilli *jJujj 




JLiXl 3LUuJ .vy 

CiYbfcJ 1 JS w * mtWi i * 1 I ( ^aAdJ^ i jikg ■ ‘T* ^jL3 ^JLh L* ~ \ 


. iJVi 

<4J j^S jlu 4 j jw«j (Mi^4 1 * i 1 1 ii (0 

.jJ^S j 4 j <j j«*J 1 -- a ^* A** t^e) 

ujf*s 4$ ^Lu 4 j ^- 4J JAI* iLinj jl -ilc (-*■) 


tflL.ii ^ t ^,iii,^LjL* Jlat* I44 A*? ^U* 1^ \c, Ljai^ij ^U* l* - T 

f JL>tI 1 £hu1 ^Jlil lj >3 qr ^34^ i* jLu Aj 

(%<L_rii Jiii* * ^ll H 4 >ri i_ *i Us l+S j jAfcJo Li j* L^j nj 3^ili £jl 1 * T 

i4i jlaJl Jj* j^JUJ Jbi 1 ^L?*jl ■> j^r j* I jLJ «4 j ( 4J$Ia 

F=BU 

jLS 4 j ^*J A 4JfcL&4i4 N ULiJ JO£- UlU ^JhC tlojl -t 

±JLsm 6 B 4 .«aJ 4slJL£ jJUl* ^^L> LJc 4 JbJt bjl^* 1 4 jj ui 


t = B I A N 

^ 1 *T ^ O^SjS ^ ^ 1 J ~ > j * LuLSfcJ l ^It^jLdlrjfcl I * 1 ‘^j 1 j^dU^li t4 i^LfcO " £■ 

U* jlUJi ^LUjL-J ^ - i ^J] ^Jr- L - - r ! 1 J. J djU jut 1 J_j^_3*j JtLflJ JlA ^ wlL 1 * \ 

, J-i i J it ~i 1 1 

r\ * . " . 1 y j ? 1^41 1 T^A ^Jl ^j-i - U 1 ^ 1 -* 11 ^vS.4-1 wkj*^ £j - ilf * V 


.2 uaV 7^1> 


t^UUJk.- A 

< U2JU ojjjJI jj* Aiijt^iA.1 l ) 

. j ilUtnj ^ > 7i IT I 0 !i ^ j V> ■** t * i_oli Jtft, j j ( *_i) 






Jj, i j*\ 4.4 JoJ jp jil4JtljiS Jjz UL* jjLl jllAiyT l 111 ..lie, ( J?-) 

jldiJlilflJ 1 Xai* ^ ^-JLc, 

j-^ 1 - 1 ^ -+-4^ SjJtuii 1 ^1 jiii jJLjflV* (^>) 

■jXvi $Wb 4> jb-kl 7u ^Llw Jjj *7 ( _*) 

-sUjIj jJuu4^Vb Jj^i*,!, I i^udf 5fciu j sg3G'l aaa'jJ 1 S^ifi J { 3 ) 

s Js-rt J£j l ■** 1j_4 - \ 
* jLj-TI f V-Jp ^ - ^UiC, LXJ4 dU^LdUl 

. La^4.,4 J£j j-^L*J I J .fc.il I % ‘■■■fi^.a JS 7 l4j 

rt. 1 ■* (jS jjiL_S ■ -i > t 1 j T ^ j T A-^1-fc-Tl ^lJjt_L_iil ■ * 1 n i L "-'■ ■ £ £ *_ii* * ^ * 

.. ^lj^^jSLT * i-i#LiLl “ ALjjr^fLTf -4a^1jJl jy j f * “ j L.i,.l] 1 

jiu*ihLui3 

■* j*aij i3jla3- ,__L- boj^tc. 0.2lTT" '•jLo.j ‘JiU - \ 

.JdX\ jy_J>. c^aJ' _.-. : u i::n ^^AJ i ..... » ) 0.04 Weber/m 2 -l^UL? 
40.008 Weber) 

d * -1 i a > Laj j * a ^JLssj* ^^3 a_i*j ji 5 A -<GiJLas j Llj I O’ CHI 4Jjd^ 1 s ■ 1 ■ * “ ^ 

t jjj£j i-4 '■ 1 -r- jLLL_J^ M- Jyili < .-**i , 1 1 

(0.5 N) ^iMjJbUid 1 Jtad I ^JLc jac? ft dLLtaJi 0) 

(()._> 5 6 N) ^ 45 4j 1 1 J T —Lti 3 _ ' 1 h l l_j_if _ j 1 ( L » I 

(jyi-o) ^ /unit i Jipsl 1 ji^4 JLLJI (_?-) 

^ 0 ^ all -tfLJilJLJr i.^ i,.j.a. 5 A 4jdL_*jf jl — r4 4-j ^ Tlim 4?jiIaJ pfcu. jr t 1 ^ 4 %iJLi t .1 " ^ 

( 5 x ]0" ft Tesla ) 0.2 m ^.-...u imi 

jL^LA-^ ■— 10xA ^ 0, lin u^,u - i 

n -4iii w*ll^ 'i^li) (^taoLalliil 

( 2 7T x 10" s Tesla ) 




kalis 2 A djjJi _*Lo <u kcJ 4000 AlikJ 50cm 4j£a ^aJU - ! 

( 0.02Tesla ) .dj£dfc> ^yiil * iLulJ OiX I i! ^ULLadl ^y,wJ 1 

4jju1 _]Uj aj 50 A^ud I Ocjii <u»3 I — cm aj^s ^ ‘ ■ - * j ^L< ~ ^ 

0.4 I cshi _ a ^ *i * c ^ w ' ■■ <t^u. * .* jLu jj * 3 A 

(0.72Nm) jbt^JJ bj*^* ^]L-> ui^j Uji& <ulr- 

ajUS ^j.ii mu ju^ ^ ji*-* (12x5) cnr u vL* ^ loL> v 

JuI^II jLull dJLu ■ t ir "*- 1 4^3- 600 4jLo] 2 • 1 h jlS ^li 0, ] Tcsltl A *,->±3 

INm cjj i & c- 

(2/78 A) 


4_ail£ Jlx> J & | 0A 4jjJi jUi Aj ^4) <LdJ 500 4jLoJ uaU “A 

(»)£- 1 0*2iti“ i>u^ ^luLS >ju * 0.25TesIa <**>. 3 

30 jL?tl I a >■ Jail ) ^JuL jru AjjljJt jjij LaJyju <Uifcl 

(125 Nm) 

0,5 ft AiL « kj«aLzj 4 ^JiS oub 40 m A 3 * ^*51 V ^ 1 * 4 1 ^ laU ~ ^ 

iiiJJjJ ^j 50 l ^LuJ* 4 j J jSLi (AS 1 A Aj J ui jLu Am < „ lW m*. I 

( 0.02 1 ft) 


JUJllCA .JjjuU 1 AjI^J ^Jj 4juL}-4 Jfl >V*iI 0,02 A AjjLA jUj Aj j+J jl* ^jLUj- - ^ • 

g^pdJ <l« a Lilt ^ 4 j * ^j^SJ ft£ 4 5V tua ijia Jju a^aJ 1 ^3 

1 1 50V 4 Jjj JL£>- l*JLo AUatJ 


(7250 ft) 


A** iLa_+ 1 XuC- 150 V it l^ktJ J-S-4 Ji.l.A 4 .i,t^j • 1 ' t 

A„4,Lt 1 ; 111 *-* i 4 X 10 A A -3 jUL 1 jLidJt ijul J—iL£± i 50U ^ \ * 

.iliJjJ 4 j*j^ 4J1 4dcL^lt 


(374950 ft) 






AjiJjjji IjLj A_>LjJj tAj_£L 0< 1 ft AdJn A-o jj-LL-e “ 1 T 

jLtjjLzjd 414.1* La 10 j I Jl^„ 4J 


(o.o i a) 

kpjdtiJH jjUL^ t *jjU' e^j-A-4 A^aUL* Aaju3 . ...am -**■ * 30 ft stla^La^ _ \ T 

j ■ ' Q ?id d ■ ^ * d- -LT-f 1 j^a jLJkXl *1 JLi«4 lL4 1 , ( ^ ^ ■■ ■ j •’*■ : I Lj-i I ) ■ “-1 1 F 1 ^ -2 ^ iM 1 jy£ 

t -s^j^ 0 


as ft, ioQ) 

0, 1 jJL* 1 ^Jk j 1 ) jUaJJ" li j 34 Q ■ALajkA.* >Lg£jLA1^- - 1 & 

^ J 4_l_3 j_i 4J ^3-jJl jLlUI jjLb (i_ i) >_ C4J jJ-UJ^ IV La 1 i .jJSJl jLl_Jl ^JjO 

. f i s) £ f ^ ) i^fLi-fl ^ULlj 0^* j>* "-tijs . I ~ h- jji t ^ h j Lilli 0.12 

(6 ft , 7-63 ft ) 

UjUe* AmjJH 3uLgJ J) 50 ft 4X^3^ dJ>?eul4 <-ALs *Is ^ u 

v —X^i Airf /tX^J \'&m& 0-5 A AiXju jUj 4j >4-1 
.f^ji^ 350 ft Lj_^j J_u3_aj) 200V L^Luni 1 j^stli ( \ ) 

^Ic, I 6-6 ft Aaali-a 2 A tb Jui jLJ (^j) 

j1>j I 5 inA Adi* jLu ^uptflnSf 5 ft ALajL^_a jJU ,JJU " ^ *V 
A<|_iiv ■ ■ £ I ft AjJJ^aJI 41*^1^.*$ ] *5 V 4j£_ 3 A>. i Vi.' >. l i 

10mA j-^kLj Aj_?-jLiJl AajL^Xiji Aj J l — .- *.] \ A^^LdtX^ 

400 ft l^yXt.d A^jLLaj tij Aj jllI ^UIJI dU aS^ 

(3 m A * 50 ft , 94 ft) 





jJ-kujjf JftLU£l j L : . ^ L j Vtatj £4 jLu jjj-* ^ Ujlj 


Jbt* o)$j gi gSLxll Jy* Ja i JJLuO ^ i 5 >a.»i Mfal *.*1 1 j <Lj j ^-!i JliVLsfel I jpo JalujVJ OtTSttd 

blji jIaa-uV 1 < jL^i Faraday a* * ic i_jL> 1 L* *t Ujj^5 ijUj ^yJbCii 

<uL. ^aJi' . Electromagnetic Induction ^uMhUk*j>|SJ< Axil JsLl^S* >aj *44i*il1 

. CiVjnStl I ji ^l_ii^J,!i5 Au^Sljl pia** J i* J * ^ * J~*£- 


t J t J ‘jLii t^o ^ 


ill 1 f ..iU * j 4 jLaJ (( ^.L3mJ 1 dUL* Ja.Lt ^bl^Lj ^Lfl 

*0 - IT} JSLl ^jiaAaLI 1 ^Jii h^M? ^Ull>j <Ui 4o 

elol Ji^V . JaJLb ^ Lo^L s LJi-^ JVjI L+ulc* 

gl clljl 1 s_>V laIL* ^ Ltjlcj igpA4 v l&ijA*jl 

Aadl* ^vul I I ik J tL^I 4jJfeLLaJl £_A l J L ^ tfL_3tiV' ^yi «•■< j— j * j J ^j * 

jLJ jJ^ju >iJL)j^} Induced emf >4 a1uui Auj^ jJ^*j ■ _ j^^ajfaJLxi 






jjaait j<iu* ^ i idl 1 ^3 ^xUiL^.1 1 ^ U!>^ ■ j il i 

4JF k r J^iju ■— j^J....wl 1 ^ .- ^ur.i! > JL?d k Jls Ji-ju ^aLsUJlLi c\S A3 . JjuJi ^sjUij $1*jJ w 3 
«UuJL«i w ^ l *»i ■ ■ ^ ^kn^hUjil^ Jb*l I jjLfl -r^Jitj ^^LLii* JIS A!j . Jli*oy t 

* J^-tjJJ Aj j^- jl ^.iLaUjl* 

jLutt i'll.^ ilhL4* tLu^^SJl i^ili Jl ^1 jij^ aT jajj 

cUjI ^ylaUdt ^j-^ j i ^ .La jJLLuJt *_jLaJ 4oaJ a j^iC i ^3 ^ aJ^j disci**!.* 

* *r ^ * L** l it! ) 


^1 £ij\& 


■ Jb L« ^^4 1 J?juJk£. yjUi JMi*- A^tj 

<--^j ^>jJ> Jo*I> L43 ^hi| ,jAJi JbAlj JU-=» >i< 5u*^m4* ^ 

dbAj L^Lsui 4 i3jjLi5 . Ja-3^1* ^3 a*»^I — 4 i*kr% £3 jJ jll U^UV JaojIi 4> 

Jw^jJs 1 Aj ^ jJ' V y-J jJ 1 Ji-*‘» iU I3 j * ■*■ T _ 1 1 dLJL-2 1 jJl jj-d.Jl jl-LU 1 ■ ~^ * t 

* * 4 ijl lC^ Xa frL*..y 

f A Q m 
cm! oc — 

A t 

J^A3- dU-^L^iX* t* ^ ^ ^Ailt A 0^ ^ ji ,4 ' iaJM jJ* Sj^J* Jcs^^Ia emf 4*3- 

At >y» 

*La-aj ^All 4*Ul ^aUiJ ^JmC. Ulf At ,<E 1 am frl £j-i/l j 1 1 ^ * * T 

» yl jl ^iTi irtl* 

emf « N 

* AAjLmJi ^llliJk J|,Wi,i 


( r-v ) 



iAsw* L«a^j) 


~ w ~ H * m a 1 1 AtfJtf AjaLij ^_3 jH *j Lt 

AijljJ 1 j^dJ' jt Jul J^JLaJ* <jA ^3 A^JLuJ 1 ^Oj 


Lcnz^it Rule ^U 3 jll. LLj ij jjj Lt jufcj <4l ■ ^ ^ 1 1 jj^Ji l 4Uj jLlU* 




Y^y^y* n 

\ ' ■- 




4£tiS\ ii!liJ) JuaU £ 


T>5 





{&> 

v =0 



jJJ *J£li 




4 LciizVs RulcjJJ jjydJ 


» U jJJ ^3MU 

. j vi r iUi .i^.I. li ^^1!* jUU i J^SL* 

* Ah , +W+f i . L jj 3“ uUa. 3 . UJ ej^UJ t l..id..4..i£ft!> ( Y - TT ) j£-A 

Lla4 ■sbej 1 % ja Hi ^ yulhyil} - I jl±_LFl j*+> . ^JoiX 1 ^ 

Cj^ [ j. -■ j a ^ ? i jf ^ LlILcjI 

■ wlajJ* \ JUb 4*jlA4 >iJP Ll Jn^jL^Uj 

vdlLt jJ^ZI 1 ,*i^T . ..1 1 jU*J' wall 1 j£. QijdLiJl w ^ ^ ^ wtaiiJ* jW] -LuJ* 

i _ jr !ux JUJ.) j^ 'il~ j >-' 1 4 ^<VirtP jru 3jJi Ji ** * . Llai — ■ ■*_> 


. jjjl' ...Jfxa.fl Jbut iu jUL* ^ * j.» itoUmlly JaloI^V 1 


-.Tl jL^ln 


f<j^,i >*i.j dUL-t ^Js A-r *mU ^ jUUt y| ojujlaJ 1 4j;Lxj j^j 

jjl* gr-*j4-Jj jULt- 1 *V y - jJju Jjjj Juju | . ^_. ■■ 1^ Llil 1 jL*i 1 kJT k- a f flLajj ^ j * -j 

jl^JJi ^L^u' 3 Jl ?tl i jJLLuJ 1 <Sj-2- Jajjj 4tn i i«y aj^cLi ^a $ J > <1* 

i ^_r&>3 J-u4jJbJ jJwfcJ! JlJI 3Ju£-L3 ^m>U 3-1^ ’uai 1 j:j3 ujS^ju - w.tu i « til 1 


i Fleming's Ri^lit Maud Kuk 1 juJi 3 jlcGs 



juJi Jju?- 1 

jAji,i,;,j (jjL^STI 4j_4 j) 

jLxjl jjL-cJ 1 J 1^ n.1 w,yifcj /I 1 

j . ^ » i *i ^i- j aLsul jLskl 1 

jLuIJi 1 ^Jt (*jL*4>Vi ^Lj <l^_4 3 ) ^- 5^1 

,(r^r jsLi)^^ 1 














grv&U gru Mutual I nil uc lion 




4*j| |li 3-^E Jk> j V Jj-VI ^tU,' (l 

4*^ on* 



JLb — ..^^tnli-mO ^ 1 \ ^All jju (j 4ai>J £>jl 6 Jli JjYI * jib 2g^lj jdc 4£az%J (u 

-m.lj ^HT' ^kU.i ^ jLJi jjllf' Jail" ^s jJj^Jj 


(t -T) JS^Si L*£^*Wi ^4 ji L***j^-1 ^L±L* I&J 


Lx;.j * , j^-Vt ^jJ i l fc li m * 4 -Mjn^£ AaJ’-J 3>i Ui J^ I jLJJ* dJUk# >*JhJ *j'ui 


y 1 j V ■ "■* _J _L_1 4 <*_* ^ ■ *» i ■ ■. t 1 X . i -|C!t 4.1-jl jJ^ ££^Lh ■ ^ J^iUU 

4 kill ^ jL_i_J k S JL_il £L4 1 lJ>^ jJk k Hiliij ,J, ■ 1 ilrtl** U ' Jkliu a + 4 j jll,1 ^ ■■.ihl iiti 

i_jlLLi 1>JT i jLtl! 1 &Jl-lL v - p * ■ 1 1 J . i * .4 £j* ■ - ■*- 'm ai^;,p1i 4 ik ti AajSijJ'l djpaJl JjLS 

•Jjfr' 








XkMfcda UJL* j j~$£J * $ Jlj j LAJ > 


jfi* Sj^yi 



A I . 

{emf ) 2 « — 


< ’Vi 


(emf ) 2 = ■ M 


A], 

At 


( r-Y ) 


L* Vs A ' JfaLU* JaIaa M l \i> 

. i^tilc 5 u»ij ^Ui Jo>* ^ . Henry 

|l 4UL1I1 A&k' jJi ijjJl j'utj i J' ^Lc JJJ * j_ict 5 1 _ r L^Idj L*£ - 4JUJ1 ijLiVi Jjuji 

, a! - ^ i ^ t I ^jlSLjJ^ ^JiUlJ ^'-j-j..**.a ^ ;LU‘ 

* i*»< V U 1 jix ] 1 ^Uil JhLfitU *jru JjLII* J^Uu* 

-Ortiilt Core Ju.LiJ I Jp* ■ /-* l 

. CoEIS jruillj uU) a Ac 3 jcy ~ T 
+ ' ' ^ j • • 1 aIw IlcJi 4fl liii_l^ ■ T 
. J^WLi 1 w 'vJJ JU* *1 * AJW jj 


.j%*U jm JjLJJU 2*j»J 1 <UJ jA Aj^v^o 


1 wT L L«S h_u^sj *jtjj JbLUl lL^Ii 4 -j * 1 ja 'j^Ljkj^ 


, ^ 1 -iL’ih l ~Al\j T-iiUt Iaa Js jjm ajAja_ 4 .Jjllui^jj ^ i_ui_4 » *jj,kLijj £nidL' at* - ' 

^^iLLJi utlXU L-olli Iaa Jb jju* -* i^hLu^ jJ^jjLLbtj ^LlSi * blit 

i^^JLUi fv» -(0 - V ) JS-il 

Jailt ji) ^w* ^jIaIjY* JjII k ( ji) ^ JUjVI - b -* 1 S^jIa JA-aj “ \ 

4 ! * I i* 4 k&iu jl Jaa L*a Jku aLsiul ^ 

- 1 /it 11 1 I A* ^UL jy<A ^ t ib jh> ^Ufcji 4,XM ,) , lJjJLII ^ wjJj3 

v^jjLlJi udll fj>_ 4 J^) jl) jllj| JlIca 









uAU 



H 


jflf L “)jj 

> - 


tJSJC 





L^dL* ^►U JjLH! iIaSlI 1 Ll j3 


<■.ia.it/ Li i jU> Jt — piL* - f 

UlUl Ji jlll jLlUi a I A 

jm*-# jpLiistJ'i jsW 

a , ,jrLL4 ] ^3 j* jp'JJ 1 ■ lil.n ^ 

JaHl ^ jU» jl-y-Ut 

T . j jit J *<\ -a Js j_Sfc_Lj 

Ju k, Jju 1 a* , jLhdJ.1 cLtcjV 1 ^pfl 

JJ * wall* ^3 - * 4a4'^ *j4 

<■ia.il* j* » " -* 3-* i coLj^ *UJjl 


,4***UuJ «u5l |i 

Jail* Jj-tj w * ] * * «y * - ■* 1 1 * 3 i^>j j( • t 
w ~i t i I i V i . lali, * Sjjl j JA.^1 4 
^ jJi^^Lalr*)' jJjjjuic. 

vJail* 5 j_j^j A > f«M ■ 
j a rj * O * »- '■ j Aj h U& * w ^ 1 < rV* 

Jjy La* t Jil ui * j- ‘ *y»* *\yU 


j . |l e^jJ 1 JA.S cUj< ^^iLLt 1 w-iol* jJ^Ij A ? -» I. v - j 4jj 5 tjj o Ji ^ 1+ 

3 U Juxj AijLi-J 1 ^-j'llaj^yi 1 

t LjV i u^fUJI itT i jL»ol ^ ^Li|iUbJI j -j * Jb } *- *■_» — \ 

t^W ^ ^loljlfl U01I jUol #Wl ( 1 

■ — aJUl 0 jl£ i^Uj #U5l (y 

. ^jCJ I ^ jlll (v>^ J 1 } -i Vt 1 jjjfc j *UUt iujl j-oVi ijJl jJI Jyoi jlLc | j* 

j} juc Jail* ^ A j C iu^au i^s CVUfcJ* ^ oJ^Ij 

AAJ*jJ& ->Lxj] tijSo* . JtsJii* ^ jjl w wx^dJ' ^3 n_4>^ 

.(jjiiljVi JillU jUU> ^bu> t j-*£x. ^4 ji) maIiaI' jLi_I!i «bui| Ai ,h 1 *■!< 




. Jjji* X~\l. m\_\ J'btl 1 «l jL^ 4 gUu 1 ^p2 ■‘ >■■-1 1 ^..^lal 1 JU&1 1 U^4 

I A-jVl *LVUJI ^ juai *U£V t I j-i>i - T 

tfjiUJl wiill ^ 1 ^iiXl jl *Wj #Uil (f 

1 > rtIV | _ r a jLJJl ^ddj 4 Lijl (w 

.j^^piUJli : »J_t 1 f w^J» j[ f " aW j #Um 1 nJul -Uj& | »s*- 

SjtJJ* 4j|Su| + jij^l* JLaI 1 SjL-i l j-j--» ^-il ftliri ^LJl JjYLaJi $ 

jLflsl I jaSo w " *» . dLsfci] ^ *■* " V 1 j* ■ sLjfcjjj ^ ~ ■ * < ^ ^ ^ 

*^£11 ^ . lilaUil i JL^nl i w *jiU > *uiJ dbejYt *uc U 1 i 

vwoLL' 1 ^dLL) /,- w I ^ I > jLuIl aL*j' jJJ Sjlc.L 4 kLlli^vU.1 £jl&j 


i «aH Seirinduclioii wj*ffr 



J*Jn ^pjl jJl wsk! 1 Ja\ jp]i 


* i - * '* L_* jjl 

u L«9u Jail jj k J-jsJb 

^ T ^ ■ * A ■ llU 

1 (jw»j5 <uLU jiju^) 

<i j-4—J ^LLL*j 4ijllaj M 

Jij — * ^S — 4 (1-f ) 

L J III jji ^ |CT) jL-lJJi 

^ JLau# 

jL^i *L^[ .. * ~ J^*i 


3j4i1_JeI 1 diLjdUl alrtJij ffc* 

*£L_m* jj-J j3j-* Ii>>b gd -lit *4] mT > 

^AijLiU ^ f.ilrtil 41> Ji?el i .J-Vfc? JaUU ^ jLJLh jLaa JU iaa ^ - - j_< 












^UjLcU I 


^jV< jj-p-yi 


(cmfl] oe 


*h_ 

A t 


•’. (emf)| = - L 


Mi 

A t 


( \.r ) 


4-JLiiJ 1 SjLiy 1 Jjja .1 aLtij -*■ •*! I n,,n.mn w^lj Li .‘ii* 

ia'.LiJb L Jx. -O^J l^J - ii-l.i ^w^iL'l j»-wT. _< I mil til j^jjl 


L = - 


emf 


A W At 


( r-t ) 


ljj£j L*»u^ < 4 Jb*JL*l* ;Jl 3 j - * Jla’u^a j ' 1 

^ J ^ jljLAAJ jLL-f 1 ^ ‘ * ■ J LA Jllc. ^1) 3-LA-jJ 1 ^LujJ JiL-JL—U' J ^ t JjLlIi 

♦ ^ t ^ r f J A ^JI ; ^ t jJ ^ wAl ^ j (auUp^ 


1 1 lenry y 


La „U£ I 4 J j Lb A 


I 4ia'j 0£_S jJ jLbJ t-^U jjl *■ ^ 1 JaIaa 4A* 

■ ^UjLU 1 ^a jlj*-' *i j^4 1 J.iiaj jUUi 


■ 


a * **. \ m* m * * * \ i UjUs. a j? J£ 4j sia-ij Ji jj_kLiis 

«* ■ “■« *■ ■ jjt iljl) * 4 ApiL «j£tS ^ M 1 ^UJ ^t^-T , _ 1 1 j 

^ - ^La3 jLmJi ^Wa jLLet 4, aIaU ^ijJ 1 4jU*UJt avt^J «.JLi 4a$1jJi a^JUi ajla 

^ U.-i Vi jLtlli dLaul < j^-a*» jLu ~uJp ^ L- bJ Sjll_LSl! LlJ Joj * 3»jj*aJi jl_i jIc. 

Cl^JJ l>»* j$$* *J] i£*$d La* 

emft jUU 1 rUaJ juc 4*^1* ail 1 aj-s 1 jJl j'^jJ 1 JjSj i [ ^MLkS i-olli wUJ j jl£. JjSLj 
^ jic. OJ4J i,..,i,4.<uu .A^CojJJ (Vg) 

ISO ^J] J -^j iji^- 4 jy^aII JjJJi wi£aJu) wdll 1 ^^>^3 

^ yi> <4? 1 Ji ll! IjAjid t-Mt LLu 4i > ^ n l 1 AjbiJ 1 ^ 

AjJ' jJ* 3^j I jiLk - Jkli^ Jl jLlJJi J l ■ 1 1 y w^LLLj ^oJ f - ^^.ilaUidt 

j w ti JaUul ^_-A jUUt j.i juJ (iJT I_ 4 bl> J > ■ \* jj Ua jla ■— l.4hUuj jJ 1 i-LlaJLj SjJ jlli 


CJtJI utiaU 


3»J 1 b^j^vU jj 1 ^jirt«ii 






* j JUjiLuli 1 Xuj^&i 


* o' 


■J t*» 


«ujkj P felJ^il jlp-Ij 




1H - Vs/A 





^1 be* .4 i_ SAth 4 jjj-AM jloyu U l^_4 


i-L^ft J-*L_* 4 i. j-.jj 

4 l .jv. A ^JUc S 4 1 I 

jJ 1 A *-~ - ^ -* - Lij fl 

j-i Ji IN J*j j a \ i— lX 1 jjlcj 

iajL-ab sjr ±£.$ s-U* Jjls 

Jjw'J 1 Jll — j — *— J-Laj v- 4 * 
,y~JA < .4j^UJ> fcUmjl ScLj] ^Ofl 

i—slbJi ^ — iS fLu i* — > 

jJ i /till Lj -i 4 j i^ma! 1 A i * *U 

L<J} .« l >*i' i> ijJ-H 1 

CiLa^LmU v.^ l 4 «j Lu jUL 

Lii-iu tji L^u ^Jj *4 jIjJ Jrtj 

- iJ^UpmJ 


KtJdv Currents i iu_4l$jji 


L^-fcJ JLLjUJ X 4 ^I^kkj ^LI* ^ > ^,M3 M 1-1 yU^ 44^c J44.1) |-»J 1 Jj 

vi.g ^juLJU a . ^ * ■ ■■ * i JUjfcl ■ ■■ ■* tliijLJ 

jyiloJaJi k jdj>xlj Li[« * <Lub ^mAbAax* JL^* ^LuJutl 1 4 ilnaM ChjJzli L*J (Cj 4x^bdl* 

* jLJ jjOL- C^UJl ^j-hJjLS LLjlI 1 JljJ, ^ w iS h§7j * jijJtjL* ^ J -L L - Ujlyi JL*1 AaJhJJlL 1 

- Induction furnaces ■—=*!' jl Uxi Jiijlkli ^ ^ujii klijLUl jLiu-ji 


1 4 . w jC ) 1 ^jjjl jJ I 3 JmL! } 


<*L?C i*) B 43 US j^Kaa* JL*™* bjfr^f, I 4ijls Jjpu. t.i 








JL*L i m cLtcj 1 . ( V - T’ J£A) ^ >j ** 


-|,Jj5 kJ A^Lull ^ jli .Al JjJJ ^y*; Ax LfrjJJ AiL-yJI *Ujt * V *£, JUJU 

A A = l A x 




^i-rt 1 I .L j >* !l [j - ^| tT . TT1 , f AaI iJ 


einf=- 


B w K l ^t i tjb jJklX* uj£^j 

A(|) ra = BAA=BiAx 

t A 4 AVilc 4x^LlJl Sj^oJl 

A 0rtfc 


At 


r B t Ax 0 § 
emf=- — t — - - B c v 
At 


aLc. 1 j-i 3j,L-nl^i '* .llLUi ■ f lj ~j ' A r j * ~ ^ „_j-a V 1 j ^ 

* w — fc j<4d^ jjS^ jJUJLji j ,j]J 

( r-fl ) 


emf= Bfv 


0 ^ l j*i iiLIS rbjeji* lilLuJi Lfi 1 ' 4^111 ^ - - 1 1 fltjtjl ^ru JbitJJ 1 kljlS ij]$ 


emf = B/v sine 


( r-i > 


- o\* 








UJL-4 j j^J * j AjjLIb Xu^fS^i 


^jjSfi Jj^yi 


jL^j- ji --j AC Generator - Alternator - Dynamo jl ^>*11* jJ>ii 

Jij j£*j; . 0 4.. JrtCjj Jlaej ^ iiU UwLiiL . iitla <_,Jj AiSLki\£LJ,< iilLaJl Jj j>r i ] 

. iLils C.liL Mi iJM-l iLa-tjj >.*;.-M jLUl 

, ^ iSiii (A-lf ) i^-U' ^ US , U i — 1!< -d>lt 

Armature (Loop) <_kU' C_0 Field Magnet ^l£Jt u -.t.i:iM (1) 

jV^Jl 1 1 . i 1 y (-*-) 



j^jJX 1 jUJ* j }$a j} $.+ Lj j ! 1 ■ - ■ j 


Brushes J>LK 

L > ^ » »Jl J-* 

<&u*j Sta7 ii _Aiih ipLsj U 1 h j\j i rflll Jiijjo k Jt2^u (A « TT ) JSLZJij 

t Li 

*( a - r) js^i j* us £W* ji ^ ji jjLh am > m 4^jji ji^vi 

i JUtdLftJ 1 AJL ( ^J I jj£j r IAjLslS . k wjllll L*.lic. 

v = to r 








3 ujLcJi 



Vj£ u^^- J —U U^ . ja-aj — Ufc f y 

a «L*j (li~ 6) 4d^l*Jl 

e.m f = B* cor sin 0 

4~£Lj_ut Ji aLaej * 4j* fl 

iiLi£ JlW* l*j OJ 

J*^y ! Cr* JjS^I L^JlUl 
** ,-*■ ■ - >■ t 1 AjfcJbtjJl 5^aJ l ^uall 




a t ■* T i n I, ^ 4 l ftl-li* ^*Lh ,«J 9 

i ^ iJEJt 


ernfs2Bi U)rsin0 
i (A) ukU.1 A^j i^LjtJi JjSJ 

A = (t)(2r) 
cmf = BA to sin 6 


^ ^ ■ N i rtlU Jit rtt JO£. L**i*Cj 

I i _ r A lialij > l cUSljJl ££A?1 


cmf = NBAio sin G 


<r_v ) 



*.*UU 4UiS*j j^ Jlij- '* .^ Vi.l ( jtnJl 


iLi^Lilt flJuA Jv<5 

taiflal I ^ i^f 1 j^kkdA A.* v:,4 1 

4 An j/iJ > j_ia & u (Sine Curve 

j * i j jCI 1 2* * v,ij< .{\ * «T) J.^.*“f 1 jpi 

Jlc. ^ ^ ">-j j w a ^ r 4 jL^j Jj» j > ■ : a \ m. ‘ Ji 

0 = zero ^ ^ 1*0 - 90“ 

<L_a 1 flj— jU w ^tA * 1 1 Ii.lL h 




i^jUil OJfill h*aU ^bJ^Ullf 

T.WyftTC- 

3L>J?J 1 J-lJ I ^LbOyJI 

f 







juju ^yZjuf . [sin 90’ — 1 ) jSf I jtai 


(emf)^ = NBA a>= NBA (2 nfl 


If- A ) 


4£^iJl dLi , M I j.1 ax ■ - 1 1 1 _1_! I *|^l ^ d Jj’.l l ittjj dilArtil 1 n J '*• - ’■ 1 jJ) 


emf = femf)^ sin 6 


cmf = (emf) sin 2 nfl 

' nan 


( r-A ) 

0 = tt) t =2 nfi jv i >ii) 

( T-\ • ) , jli 




ii^Ul j\mJ\ 


j^pjl q\ I_'^| ~- ■ JG- - ^ 1 * 1 ^ 
ju * jjjji >i ji *rfi i J5 <aL>3i j. i-_*> a!^X\ 
* ( \ • -f j£Lil) w , — ^ 4 L 4 J 

JiG-j f 4*44^ i*3jl <4J*> 

^ ^ ■ -•* ■ 1 l jj* jbJJl £ JLu. 4 L*L£ <ujuh 

jj) ^oJlLaJu (%J 1 ^.*lrtuC 4 jl 4 t ''jjj 
A&IlsijI w f I jL_Iii ^S>j .jinaJ* 
^3 j 34 jj 0 j^uJl ^3 
^ [AJ ,^ilnr 4 »U|j 

JUj^ , 3 >a ^ 3 H 


^3 JAjujiI/* . kJUl£ j;ii cji_u ,*jl j 3 3all1 JjLa . 43a(jT -u jj j .4j i jd jLiU^ 3 1 •'»*■ *»*■ 

^lij! -3 4 j 3 j 50 jLU* jl dj^ill Jy** * f 4 jjHlf 




, JLU 


L 4 I 4 \Lu _4 ^ ^ 43 J 100 4 jUiJ aJL^f jLj-IU ^ jJ^i ^3 3 iL* 

4 ■ * *bk£S slul^ ^ ■ .. ^1 . ■ * ^Jbt* ^jh AijUJ 1 ^3 4J5<3 50 jli uklll j*oj 0.2 1 ITT 

Jjj UjU£. tj7i.iS Ua dirtU' dial jJ 1 oja 33 ^*.’ 1 ij\^U L* GAWetfer/nr 

4 30 jd u jll d&lTSji dil j t li M dl^L>| 


(anf) m = NBA co = NBA (2 wfl 


i JjJi 






6.6V ajJjJU 1 4N-j.-ll ini tjJ' ifaiS ijl^jJi 

l 


cmf = (emf) sin 6 = 6.6 x sin 30 = 6.6 x — = 3.3 V 

' max 2 



O' 


if. .ill y . . .-L I* i. 


.It 


^ I |j) —) ( | ) [s ^ L * j1 iis»S 

' ' * * t *” v_ .n ”h - i _'* l _ ,v* i _ “ 


«V» I jL«4_U* u>^s? ^ jJ 

i jJa 1' t 

1 = l mttX sin (2 rtfl) 

*LJjL_^j l ^ ■ < d 1 *_Lj* 

I'jJI 5j— 1!< L^iJbuC. i -"■ * ^ 

I 




djLilaJI |»juu 3 L* ju-c. ■ 1 ^ " - -V 

. a > ~ _ 1 1 


I o'jjjj* jUZ?> frJUiJ jU^LwJ 1 jOJi 


Filed i ve. C li rren t ^UliJ 2u LuJ 1 3t +juJ ■ 


4>j 1 jl 3_4 ^ji il . ^ ^ h ^aLuj jLJJ t 3_^r 1 jjl 4J| SjLu^fi 0 *.ilj L<u*a 


a£j^b! 4 A -lLj 42llaS 4-^^nlSJ* iiilajt ■ «"» ‘^max ^mx*) J 1 * ' - T 

■ jl * ■ ^ " 1 *■ jJe j?.i ■ri.ii ml 1 * * ;j ^ LlaJ 11 J .l a, < - — ^ *jj ■ <*j j A -^ 

i£jJl jL^-LN ^ '** ^Laul _jhA» a^jhJX 1 jL-iHJ AlLaJdl ^ T - L j. jJ 4ojjla JJa *lj 


'lAjJ^J _jU> k.i ^-jjl «1 ■ Jt‘i.1 * ^ 4 j J| 1 A j j-5fcll j-ul—Lf' J JLJL4 ^j—** wJ^j 

jUIJt 

4 jWU 4 jL^J( ^4 0.707 1^0 jLxHJ iJUili 4 <u]l 


* ^ 








UJl 4 j j*$S3 1 j *Lj j LyU * jy^J < 


sj^yi 



240 V aA JLa-oI 1 I0A ^JijudJi jL^JJ' jjui lit 

1 d>*S jUU* Jy* J&J 

* 



i „ = 0.707 [ 

cff <ria* 


10=0.707 I 


I = 


10 


0.707 


= 14.14 A 




V „ = 0.707 V 
cff m »* 


240=0.7071 

max 

V m „ = = 339.5 V 

m “ 0.707 




jLJ ;JUd-4 DC ;*42b>-« jU* *V A > ■ — 1 ^ .V <T.*I A V ^Ttl 

_i_> j * jLu v j i LjU ^ w ^ t * jJfabfc.ITb ^~*r r lATi jjiuj j 1V1 V> JlI_* Af " * 
. h A 7l* Jj'Li ; ii i i. j jLJ jj jLlUi 7 V» IaS aLa^t 

4hUi> JjJJ (jk>tj Am] ^ jLlj ^0 * jUj jJj jLlU* Jj j *** 1 J^b ^ jj 

. DC Generator r t * ■ ■ - ■ jJ^l* il^l< JjjaS jIaj JJjI .RcetificaliunjLUt ,xj^j 

Commutator bu j g JL^jLblt ^n..,»it.>J > ijcv > * ^£j * 

^ -'^ *j UUj 2 v 1 ^J] *-j t Ls^> * ■ * * * * ^ii jU . i jLJJi 

o' * F t Lmj 1 jjj ibSl 2 * I kit^L^y* .(\ \ -t*0 









dLu-Llt ^ ^nJ jlLaJi jUjLi jJsJl 

Lj u^ wi U' ■ ■»* 14*3 jaSo 

^U 1 Aii^-LT 1 ^J3 iULit* j.\i jTi 

Gaill ^ a. l 1^ "h .a iii^j Oi jfc l-ili Si-jJ' l j i * 

> \ .LllLj 

> 1 Jh— ^Lili u» jUJ^y* j^UI* 

*(j-\ \ -r > ji-ul c*4» ^ 

Fj SLjUIJ^oJl ^ . -l ^yA 1 . 

A . .. j F.^ 1 ^ i^t-^ . ..S V . ^ f 

j4i^* iy iy^J\ jLtiJi Ji j 1 2 ^>aJ 

^ dij jt. *Ahu *(WXYZ) ji^yi ^ u*uti 

i>* ^r-TJ 1 -^ 1 ajH 1 -^ 1 ^3 m 


^ *_|* '- V 1 J*-* r ~ fc * 1 "mm* 


> Jn^ji F 2 bXAjJt H Jl Fj SLi^i 


jUHt *L3M* JL?-|J 




jLmJ< 5j*jJ1 ^ ^ 


,(ZYXW) dLxj^f* ,^3 Gall 1 4lS J 1 jL^U* iJ^ ,jAt4J tJaiXl ,^3 4ALr*j' ^ 1 

A^-jlixJ ♦ CjjtjJ 1 Ljr i jUl! 1 -2 Jj'Jsa— 1 , fl.tfW F , $L£>*4Jl 

jlj «T 1 »* J^V 1 dioJ* <3L5 Gi u **i> F t 3Uij-iS* 

jJ» ^ 1< JjjSL) dJiU F^ SL*j* 5 Li j-kJ* JLjj 







XkMfcda UJt* j j Jlj j LyU * i(Wj)^SU< 


^jSfi i 




^ Lt^ A 4 Jb 1 iL*s^jLifcf l 

SfJUt ji LL* .<>* \ -f) JS^Ji 

J£J *sLj*jY' 5 jlj>-^* 4 'Jj 6 ^ ^ ijL_ 5 f jJ( 
4jL^J^ ^1 - --* T 1 j j *- H Ufcjb.i.A * 

if* *J»J Ju*J JS >-it— aJ 1 jJ] (C . 


ijflj i ^ 4 
(aL»!LYl jj?*- 




L^fij eUaYi jLUi 


. i fll.t* * 1 | 1 j 4 -i 


- 1 -*-*-* j*J-t£ jl-H ^ Jj-a -^3 

g*A 4 T *■ ^ ^ ^ j ^ * Lij_wjj_i 5 _uU t jL^j V • 

* >_ __^_ 1 ■_!■>* ' \ k 1 * rjJ * 1 -J *_JJ 1 fl* ^ ^jLrtJU 

iJ£. 4 * j .J ■*- ^ IJjfcl 4 j 1 

^LiLll » . 4 % J* if* 


jUi jLlh '* ^£ 5 i 

■*■'* |*j 4,4.1 .til * 2 lJwIj d_j_J* jLifeJi 


J-jti ^JjZ. i Amk J j _■» I ,%Li A,i A^Clt 

*( \ T-f J£A) DC generator 


* TransfcirmtT^^jEJ* Jj^l 


Jnj Jbl j_LU b\.^h ^k ai*£. SjZLs ) 4 > Jr j j >^SJl Jjjtl I 


JL 4 ?J* wV>gfa 4 . 




L 1 4ia ^ - j, j gJ * 


a ■» -ft 1 ; — 4 J$S . jf ^JLaJ 1 







JioJf 





JjmI 1 ^ ^ 


wV^adU. Up- Converter 

uIl ^ i V I ■ -1 1 

, Down-Converter^LJail^ JVwt^ 

1 . 4 ^ 1 j n 

sShlu ^ c \ r-r ) ^ 

jLa >.al < JLail^t 
^ ujSUf <_JLs 

< ^ ^ iijjj 










^w4 ^LLfb JJtUj. .Ajjlj-l) 1 kZj^jLJJ* Ja ixiJ tllJj£ 
J 4lJ^^Jl 4'i lEnl l 

*_iiLU ^ jLm Ljjyx 

wJLaJ 1 - <iiL jJ i-jj 1 .Un * J VLjt_a jL_i 

I Jd£ V-j-Sjj Jl a * x * 1 



Jp*l ! ><> 


JaU» ^LjwlU Jbti » 




_ . . ■?■•» . * ! t ,jL?iI 1 __2 _-_ocJ ' jJjj ■ J ,-u_‘“ jJw^AAJ -•■ LL 1 Jujrf L* Jug . 

il^, l^i jjililt usitl ^ * 4ij^4iib 

A A .iiMJl *-iUI 

V s = - N 4^- 

s At 

^jU* ,— j LaLLiu 1 J 11 .il 1 inlaJ- J_lj_» ) jjjLL'i - .^lt ' ^jLi’ J_k_g N' ■*'■■■*• 

At 

<J Jl * ~ ' ^jj ' JjyfclU * ^ jJ j) i _j"' 1 ' 1 -LIj>V<I L li l! t AXd !*£ d-£fl A I j_~ Aii j£ A ■La.j" 

JLio . jLaJ 1 jJ_u^iU Ajj! 1 jJ 1 3j_j_h Luj^Li a».* 1jl1i S^i 1 :il> ^ ^ ■ j T 1 

JjJLSbJ A t^j. 4*hl.lh 5^-dJ^ aAA ^LaAJ f .lllLuJl <t_4 3 L 3.4 A J^h C.J^> dj| 

1 AS jtaJ* ^ ^JLUU jrtMjJf klftULl j u-TLii ^ jS V MJbSV jU^I *4iS 



A 4> 
A t 


* ^ ' V UV ^ - «' 1 !. 1 * > 1 j l > ..ti T Np * ^ '' I. 


^JuJ 1 ^, 1 - - 'J ^ j * 1 , > jJajudJl s4J ^lL>J 1 +t \ ^3 Jbl3 ,*Jt£, jd jJlj Jf 

t jJj U 1 1 jjrtili M*- 1 1 *i*t J U1S.4J a v Id 11* ^ AL*jlj 










J_^Ji 


UJt -4 j * j Jlj j LyU > rfWji^SUi 





(t-ir ) 


1* *I-J> j^jJb V. j^jfpiU-' ■ »t 1 4I J ff^djt laU^jl i.i.iTiJv jpLc. kiyLaJ 1 *gyb UJjj* 

,V p ^*aLV^-kU.U 

a ■ *i.ih >ot t » <14*11 jitj J^_stj# w t^SL» iNp ^aSl N s ji5 'iji 

taj JLU 1 J- j ^ ^ di^. Ji 4Lm£ltllt ^ ^jpLLT 1 1 j|)41 

. Vp - -*+ --* V s * i-Lij-h JlkLki j^lUl L.iait 1 JjLkJ J^L 

V 


v p u> J* 1 V s OiSi -h^- jail*- J^t Uj^J j^Su N ni > Jit N s JIS tiij 


J^l .j-aU ^ .jjjUit 1 , 


lAiiUJl 


aJUUJ’ cULj JLa , t ^3 4 dUslLaJi *_oc l j[ 

j,i ; ?i iaLLaJJ 4 j4Ll^_ 4 JaL£t ^A j-'iJiil^t.t iitWl ^j£j ji ^ ~\* 

* 6* 1^ v-ail 1 ,yJ 

V P V = V 8 [ S ‘ 

1 o l ^ .Oupui Power £>*P jjai! %Ly« Input Power *>ii ^3 


Vp=Vs 


. v . _ !p 
" V p l > 

( r-u ) 

1 j^i (11 - 12) j(l1 

■ID Jui}UJL 4itkL-Yl* 

I N 

(r-\ 0 ) 

p Ji 



L^ue . 4jLiJ jjjui. y luiigi wa-UJj tjhAU 1 J>> ^ a ^ .*. Ji 

jl'Liij j^jLU* t^ilil ;..Lj jj — 1 ^Li ^jJLIi OLi,' j jj£- ,.j i— > ^jgllll udJll JjUlT j»jx 

uiUi jLJ Sjlu t iihta i 

^ 1 l ' r ^jj ^r\ I * i 1%I .J l.+J*. 1 j* ,T\ LLa Jvij 


T?\Wcr*n 

^■ V. \ -L 


TT5 




_ _ 

v . .j t->i *. ri ■ it . j 1 _> AjjLyJi 3 jl>- jjl 

Jl jj_# JlLi_s i lij^ ia iki ^ ^ ^ ^ ^LLJb jLjJi aJlui w Loj i „ -*uJ1jl ^ i ■* 1 <ls j 

^Ulj <U>_ -Si* ^ jUl ^>4^' jL-kjJT' SjlA I A±_> , ] 2 R jilt »j_AJi jAAJi 

^Ji Jj^ti 1 J-LJ k Jj^L*J ^ jLjJJi LmS^I '!>] dJjJ - R L j .1 * 1 1 j j 

Jjjj a ji All ^LddcaJ* JLj , «J t. i*>V> > n lti jLlj a.l Jit M ? -» Ji * J 

-0 Ji 1 tJHkdJu ^S^JLJaV 1 ■ ■«< 1 1 ^ jLa-JJI J-L» J-1 li .t t * Jv* “ — - — — 

I (M-KK) 

.kii-aVI 

■*- * jit, * 4«>A iJ^Sm - L - * ^ + -Lj^Il? jj x.-t 4 'i -*■ >. l ^ I ± J^LjLL* ■ j 

M«ikL4! |«Lu4j 3c, L— 3 Vi ^ajU 4 JUAIIi A^j»- ^aa ,cJ^i 220 j^jjULh 

• JjU- ^ 


i 1 I *_> L* ^ I 


Ijli 

SfaiP. & 






-Ujjp^SJ^ ^UbJ 1 J3i jj wV>^I 1 

Transmission iLj **£> i*'^' J^J 

3. v A.mj CiLsLamu* w ^ i ^ *!>*■ T i^i ^£L*I ^1 L± j^lJ^j CjUo^u ^v* 

;— r.._-* j ■ % - ^ C * I ijHaJ* ^ ^AJ JuO-A JiJ 4,U ul-%,l w yL*J j__- ? 

i Generation jjJ^Ut l~ t it-* i» * \± c .i| ^1! *l*j ij JjV 4 _^ ^ ~ , -■" 

'**: •*■ *0 1 — T J^.u ) JJj^JL^ ( _^Lllj_4 JguC v J ^ ^ A.\\ ^ L **- ljV^A> 4 d 
. { \ 0 - T* JSLl) i £aa >1 A-t.T > iLV^fcl 1 

iLJ^Ili 1L j- jvm / 4jV^-»l i j» 

,^>i J! wL-mit^ 






AiJ 4H I jj ( t 





mmSdtk bs= 






4.j.mj-i£s UJL* j * j 4 j j LyJ > ^Lu j^SsJi 


jjjSn jju-yi 


JjjJ*' StUtS 


^p» islWl ^ - J>*t 1 Juii dJU-a ^ bt 

Jl*a , 100% Jam! ' 5tLi£ ^ 1 1 1 ^JLo^Luil! 4Sl^Jl ^jLuJ j^iLU 1 wiUl 

* 4JSf< t_jl±j-uVl ialLiJl ^js ±& jl <. 4 * 1 * 1 !) SLaJ 1 ^ j^ti. Jj_*l i ) jl* 

1 mi 1 jjk ^LSi^, < r Vi ^ 43 Ha fJ Jj ^ ■;; (£lt 43 LW 1 v v4 J^^e—u - \ 

^ Uj U J51 4ajJLH dJy*J flJLfcju*) w UaJu 

*—> 1 j LwJ ) ^ M, whj 4 ^j'jn^ 43U*> ] j'Ju-od 1 l y.>, T 1 _3 <W j>^S J 1 ^ * T 

M l^J I ^^4 ajjli M JV 13.1 ^T \ ..,Llll *juU 1J .ljjtl ) 1 A Jy* A^cJJj ^ , jU.lIV 

4 ^ JjIjL-lJUi Jy* .^,.. j v.U sJJj>4 ^ j ■ Tt <,.."_4 jl ,* ■# j— i£J w mC <,_y. .. h g-gLLai^ 

. Eddy Currents 

wdi-M wll^> ^ Xa\ m j **"s UUa ^,Jj ijltxll ^*1 Jji>.y “ T 

djlljj^- 4^j> jlj+.J ^j£LJ«Mi!l fjllaJll _U _L^feJ * pOAuUnJ * „14tah tJn ^ _LStU * 

. j j-i- J-^I- J-L ~% i J. -i.1 1 

JjC iULi^ 1 4 n ; 4_ilLs_h J_4 10% JlXi a 4 It iiLLJi cJlS 1 jj Jl*Ul 5i 

90% J**d > ht\*£ 

jjl ^jjLU 1 wail) i jA K J Jt J * , ‘ > ■* i ij jC fl j SLL%.Tl a j. ^ ^ 1 6cLJl£ 3 jjub 

« (jl Jv*j 4 * ^wjij ^3 ) jl 2 j V 1 ' .;vu ■ 1 1 iuj^SLJf ilLLail 




(r.\i) 










j^Qlj ^j;Lpi 


Jj 






SJL^Ull 3 u*£*a!J AjLlVl 


»^- 





jl | ^ 4yi ^u tlni i* *j; 

il^ i Recorder t» »■ 70 

4-uj ^ !l £jLu¥l J j ■* n 


U-1 j Iwj-JSJl 

.Record Head J : T 

tef^dJl ^1 j fjdJ J. 4AIJ1 ju£.^ 

^ U 3* ijJb Play Head 

Hand Disk ^L»h ^>1* ^ ^ ,0 1 J£^i) 4*^ SjiA* ^J] -d^ 5 

jjJ ^LM CjLi^bll JljJ V diijJf ,3biit4 CiLijiall JjJhj f j 'J v; *^T> ^ 

jijA' 1 1 ( yc. jlilll jiAjyiU lj[ wiL-aJl 


4A 4j<±Jm IjLJ 240V k*ij*£Sl iaJioJi 4 jjJ *$j2* JLu j±j^a ^jk ^ 

1 100% Jjai 1 4»U£ ul ^ jjUdJii jUI S-iA u* Ul 900V S^j^SJl Sail jJi 4^5 


^.-k 
■ k '. 

• 900 -k 

240 4 

., 900 x 4 =)5A 

p 240 


4 >ji 


S|^lt (i] 8 V 80% 4jcL3£ ^^5 Jjj«^ 4 ^ic. i_lSjj* ” T 

joiit ciLu jj_c cuii tij i d >|Ain am *jUJ j-l*. ui . 220 v ^ a_yj_*sji 

^iit ^ jU3i wui ij| .<*>1111 ^iii ^ jU3i 34-1 ^ u, uaj noo ^u^jn 

tO.lA ^IkyYI 
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80 = 


Vs Is 
Vp Ip 


xlOO 


V s n f 


x 1 00 
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N s 
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220 X N c 


x 1 00 


N s = 50 turns (dAJ) 
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J,Vt3 


^IjVi 3A*>M 


IX Mulnr j- ^ ^ '* 



4f UaJt Jj^rfcU ^KJjkluJ jt^ 
j4JUj 2 jtijlCi a iilia Jl 
(ibjUaJl Ji*) j.4 ~i f J erL>4^ 

iw ^ ^ bj .0 v-r ju) 

uki. ,> o v~r) jLi js UuS Sjj— 

jjliS JJX j4 ^jlii (A BCD) Ji£auu< 
* fcj «l * JjJC*-* idiu wLid /jj* 

^4 JjSL* fjtm* juxjJ* ^ wii j>-*" 
wUtU 1| c >x *ljij ^i jJt 

.4i4ljilt utjliDl ^4 


>4^’ J4i 


gibli JdpaJl widJ k <a*4j wall' 5 

JU (jk J-i g * itllik* ^j ilni^ g* j|iU 

tfii; will* Lfi>IsJ J«3WJ4 *41^ 

* i^^ij JjC gVj]jw Ua f *(x,y) Jldwa-J 4 U&* Commutator JjkJb 4fi>4u*4 4*,>aa> 

1 JUlftJLd ijtjtkuiVl j iiju ^JLiall gj£j . JaUl gl g*iu JM>LM 

J- ■ *-'■ jux. J f tUL I«l1 jLaJ 1 UjU A.t bjl^# qj-j will I " ■>*■ ■* m 

.4jjUaj ^ pJ a ^j F^ , F^ gijLij-flJl 1 


jww* ^j LiL^T I % JJjjJ* 1 


■ il!j. Jh,Hl wlXf ^ j jJ^lj^iLdbkll J*~£. 3 j JC » Ifrjj jl I J4^C. 

f%A.^aA-Ia jLayVl g*nj ^ ^Ij^Lub jjJj ql wjij Jj j^l 1 wiLi U 0* n Jl ^lli-Vl 

F ijjjjJLj j4 X,y LiJitl Ailj!U.^-Vl Idiu jwu 4jl il^al t 

g*£*J grJ^fiSJ I Jjjjfci 1 wiU ^pj jUt jLUl 4jl ^ ^pk. wljJhj JtiAj Jf F 7 , 

^ A<| j£ wall 1 ^ 4Alsul 














aLsjLII Fi 3Lui jul? I * ^(x) .,Vi l-JjlaI.I a .iM aSE j 4£jUc2^il 1 t^kkJLj 4L^il^ Fj 
jia\ jjuj x\ v-r) jslsji ^ u5 (y) -kuj* i AmHj 

hjkl\ jl ij£k> j^j-kJt JuJl JjulLI ^JaIj j .(DCBA) tflatjyi Jb kU» ^ ^yyfSJl 
^aUij{ ^jSo (CD) *±JLLJi <jk SyLtij ^] W*by| ujSj (AB) dUuJi ^k £^l£li 

^ru^l ■d'LstjV- 1 1 yljjj Jr. J* 11 Couple yrfuj— Lh JhjlA /jc 1 *-'_»j J* Jj 

*■ -«*j L*jk » ' ■ ■* Jij Ll'jV JJJ .(W-f Jlji) (fc-jJlj 

Inertia jJI ^ j » u^ixt kLt* Jjil -jy»k^ ^ ^ ^ ^boj j£. Ljjj^%_^ kU> ^Iin 

F, * F| uj*# i^vJ-U 4 < nil b VaUj *-vj (x,y) ^>1 ka *! * k**-* 1 ^Js j > 4 ^ «« j 

1 iuj ^ vL~ 4 (y) 4Ulj^ktji¥l i Jjj ' i . | j ■iJ"\ 1 GLkjbF \*ui*4^Li (\) 4j^jk id*¥l t rttfi a ^Uiiij 

mill jul' i-lillS jnlfiitj -(ABCD) dbfcjV* J jt ML 1 jLJJ* abut lF^ 

Luj tjkk ^Ij JjSj (AB) i^JLLhJ I Jr oy^U fl-yiJl jl urji >dJ oatJ 1 *k|Jt luk jk_iijJ 
i^k ^rtSjb-iJ' cgjL* (jJj lijSj (CD) lIIL*Ji Jr ayjl* ijJjJ 1 

Jjp kaujOl .^kJl ^jfyljjl 4U*U^t ^kj kit I Jjf* jl jkk] 

J^> jijjjJfi |*Ji_ii Jju |«j i^kkli LjIjm# kill Ujuuc HpJSall ■Lul^j ^J] 

jj t Jilt * jk-uo jjtaJl j j-ycx.rt.Tljj .JxJ\ jb^Li> ^k \j kill ^fl.jku.4 L#ok g*JLft2j 

r F ^JjL^y±U 4 -ujuJIj 1 * fl VjiL-jlJ (X.y) 4JljkufVt ^ 1 -^ > T £Li-u*j LtJ i *MjlLs 4 

lokuVl ,jjkj y ytjl jjl UdUl .kill lta p t J j ^|SJl jLlfl i F^ 

kUl □jSl^ lik i^ yitaal l jU^5 

•iJI ^ *kUi jkLuid^ iikjL^ Li *iliL? 5 j^j (0^ jlj kJUi 4 kjkiJ 

bf^j LjjUjJLuL* ij%j CAJdd ijuc. ^*U«1i iji ,j.t> k >yui IoLaL^HI^ 

Jl ^F'" 1 ^ j 1 \ a . * 4j1^Ja*#) k* ijrkllli jrwikij kU JS kjk Jm^h ,4jfLkL* *j v* 
4j*jk^Vi jL* hJjjILULL* bkki jS ku .wkiii j Jj^ > ^ ^ j-*L*j ^ikJ' Jy jj-t. 





svti' ulti' Jb4J ^ 






v '"J^l '""Jj 







t d UnLuSfl uJsJjLjlIJI 

j\jlj lUJjlS < dj^eJL * " J kju^ 43L3b 3^* L^aA jJLi 3^lL2 t ^ t *. a « ~i^t] I • 

■ dks dL^tjL^-l *1 di£ j„L^LLaL<j J\i* .ij cHjI Jail* i-LjsJLd^ 
jl^Zi ^JJ 1 ^-uuLaUAlt ^ J^u uk.il 1 JA-!.i ^jilaXl • 

t iL±zluili Lli]j£* Alzcli-ul* dl^Ch dAaljJl B^AJl Jbjfj Ld_a .uAdil 

i ^i-tLiiill 3^2^ jj> 3 aAJJ jjbijU • 

^-4 LjOjpAs l-A.' -■. Ur J ^_-_ ' Xi-A^l J JL^ J 1 1 Lj i_jX* i-Uxil 1 ^L '.'r imJJ duJL^Jlh 3 1 iJLL UuJ 

*<_Aii' uALa] Jl JUL J ^ J .A Tt U.jt^ dJ ^AJt 

-Ai j^Jl* j 1 1 > 1 ..Uj JLiXSzJ ■ (i "■>■- j ■■ ..-T 1 ) j^LUL jJ^Ii 1 ^Jjs^J 1 jt-jCui 1 i jAJ 3_t£L Li: • 

• 4J l : ■ ;..u,' \ I ^-, ,_%1 t 

4^4i) jTi j 3uLuj_Ji a J 31 ^"! 1 JuJ* BJmLi • 

JJ ^Lgj^U < jLrti I obfeJ 1 ^Jj 4jUJt jJuAj ^ 4 ^ * Lgiki-ij Jc BJUbJA -ixl 1 jdUai 

,<^tli_L*X 1 jUUs ab ^J) jjL ^^‘1 ^Jib* i r,jl< ^juAj jujur. •d£ j pJt I 
JLl4 j J^AJ L^JlLrtJ 1 ^ < »- it^l l * A A 1 1 jJULUI Aji I JiLkil 1 lLaJi • 

^ ^iUJ 1 jjuull *(J^jU 1 I ukUl 4jS jjlli5 <5JLkh jaiJU ^ U^J^-t 

. ^j!jl L^ JAl ^Ui 

jLkJi 3j_ti j-ikj cLIj( ^ kijLrtJ ^ w ^ ^ajLUi i ^^Al 1 • 

- jjJuJl tk* kajlAI U^ukj a*i 5^bj 

LaJUil L_kU ( (_krt)lj 3jJ ; ^Jil d.L) ^.Ctl AjlAI jJ' 3^JLfb bjjJUl j JL3j ] i_kr>J I J^abL^a • 

1 A/s 4 jA jUlUi Jjud 1 

3^1 41c ji$Z ^AJ 1 ua.WJ ^jJIAJi tksJ* l^j^ 1 1 vLWi J^U-4 l_pUS 3j^-a • 

l A/S L_i2.Ul jLXaJ^ ^4*^ U^r LaJliC. 1 V ^ aLjuJ d i.t^ d_L: jllS 
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^umJoU Jlj j LyJ t 5 

[\/ s 

1 H — = = -is- 1 * • 

A 

I uj3lU * 

LiJ 2 _Lkl (< :) - ■ l i | j ^ 4j£Ltl { 1 ) 

■ ^ i i -* ^ 1i I ^ *V t t ■ "J k __; \_i|J I *JJ ^ ~^l V-Lji^ 1 j ' > - J 

LaJlc. 4alk3 ^aSjJISjlL 1 dislLaJ 1 Jj^fcU i (^UojJ 1 ) ll jLjJJ 1 jJ^ • 

. I *jUj ♦ J jjfcd . ^ JUta i_d_U jaJLJ 

t ■■-it 1 jlI^Ii ^ 

l"j _3 IlJ > CO 

. ^ lt-*l j *t 1 ^-lt ^ 5 ^JJ ^O.bt4 ■ "' i j ' r ^yj ‘_jJlJ (•_') 

elA^ 4JUJL3L4 41 j L jljJ I i^AjJsi (»>) 

»Lu>2j ySJuLLt^ jUj ^i£, J^^adJ ^ JyS ^_ui 

* G-; ■wUt^sJ ^ AJ J<5 J 4 j JLu ^yJL!' jUl 1 I jLll! ^ # 

j “ . ^ 1 1 y-L . * g 1 1 1 1 a ^ ,4 1 \ ^1 ^ ‘— - A \ jJ \ \ ^ <«■» 1 ^ i j 1 1 1 # 

* JjJulU ^ju J-sLuI* 

^£J Lj_1 1 L_jJd! 0 ! ^ “*~ ' AJUji^LJl iLflLiJl ^jJU ^«_uj_juJ I t Ja^rtl 1 # 

4^jj(_UjVI i-aLdJ dlLsaJJ ajuj^J 1 4ilLs_h 
4j£julSLl4 diiLL^ ^ ^ ^ T i Jj^^jii 1 Cj^J^l') ^ ^ ® 







A-_. I t> n _* * * > j i.>“t > 


jJjSfl SjukjJI 


^jjjuA n LajL^j- ^ j_Ljj 4 j=_lI 1‘ N *GLdJ JJLc. i_LiL4 ^ i i Tj ' 1 1 iLLr=J_ij_ti iti'jJl i ■> * t> • 

• 4 iVbdL^i Jaau At j.*j ^ A*!’ lOl-iLudl 

emf - - N AiL Volt 
At 

^..’v iT, _ ^U_iJ| * 4_i . *>- ~ ■ -. \j £.* l!> ‘>j J M jL*£j1 ^jl ^liT jjAJ j.i h. ^ N A-j t A ffl 

*4^ — — lj— i-iti. ^ 

' >■ il-^1 ^s^Lau> fJ-£ *LslS_±j ^_£a_vtj iJslU 3Ja " mi* dJL^jJl d^JiJt • 

1 /y* At £yAj ^3 ^AjL 2J‘1 ■ ^ l { I ^jXt I rj AO ^AIlIL^I - AUl /yfv dlALlf 


L lilf - - M 


A I 

A t 


* Ji'u2. 1 i*JI M Ajj* 

AT j 1 _Ld_^J L_rfJ_t,* jLf 1 * j LlLTI A._Li ^^AlTI 4^JL±J ^ ll j j \ I 4±5 l j_ll A JjJLj * • 

* i^tsaau At ^ 


emf = - L 


A I 
A l 


vrtLA? ^j! Afl A**I 1 L Ax> 

L^iLsAl *>uxi V iLlS jlc^mu ^ aJj la |nl ji 1 1« <,.« dLL* ^ A? ** < n.Q SLa_3l jJ 1 3^SJp • 

^ ® <uijl 5 4iU? JlA- 4. pLrtJ * 0 la^lj 

emf as B/vsin 6 

i 43 Mil 1 lJsjU ^ *LJi™5j ^AajBujl -^tLoAl djd} k • 


emf = N3A to sin 9 

4jaIJJ! B i %^X\ 4j*-Lu^d A . ^i-ifaJj L ulI^ ^vojuII I 43'JSB ; u*iU j «JL1A1 iJu^ N JjJ^- 

3 — -nit:=i 1.4.1 1 giajLdJI <5 Lli V 4i^_^uJl 1 ^J-U 

JAC 

2 7t X 1 32 

^UyUIlj 

6 = Q J jjll. . B = 90 L y«la^ Ai^j 




l 4) J ,p jLJJJ • 


I „ = 0.707 I 

eft max 


« J^t! \ ^k\X \XLu^gSJ ! ^olai i jl) * 1 JjJu ^ 


Vs = N 1 
V, N p 


i J^sti 1 ^k jUIh eJLti i \u a^^bdt (i-j) 


I s /Ip = Np/N s 


V I 

11 - _l_s x 100 
V P I P 


. I icLiS (->) 


S , ^IJuAfi JjG p 






X jfcLai (V) Xayuz £Lt& J Vjl 
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f^bJbkJ 1 iajLib- -Ji£. - t-kll 1 lIULl J^2 " jLuJi 3_ui ) (1) 
( < <iU l i-llj'LbJ ±A£- - - ^wjJbliAJLI ) (l_j) 

4j_ 4 ^j ^Lua.1 I tiULuJl 3 ^iL_ 4 - L^U< JwS J^jJbVl ■ l-j-U I gta. 3. - J ^ (-^) 

(^yi^LLii 1 « JjlbU 1 -iJic. * i-iAX,* J^s ) (-i) 

(jUuJh 3 jUuu ~ " ^ajutfl 3 lsU5T) 

j 4-j«£ L_iiU -CJ LbH 1 ^ jL-JLj j 5 j> jlLl - i 
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2;jaUi JJ j-lTuj (l_j) k-kll 1 j£ jUlti u wS!j1 (i) 
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ji i 1) A (_i ) 





( ■ Va L1 1 i_ailU jlll jluJJI *1 ^ ** jlLc ”0 

jjj4S Jbta (v) tS-Ja jLu 0) 

jUCj (j) Sc ■>im.^ jLu (->) 
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1 J! <^5 *12* LjCtU 1 v^i jLlJ 1 cI^U “ "l 

4 j ' 4^1; '+ £ Jbt»4 JLI3J (<— i) S-J^ 2 jlu jJ^J 0) 

N*t JL^rt!^ Jjk£ 1*^133 ku_u£r. jJjj {-^) 

Jbt^ jJjj (^) JJ. 9I: (-) 

1 L3J ilJ^LtL i wLa 0ULU i.^l *V 
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ilili_dJ< dLaaLLa ^JjuU (^) ^^JlI 1 tiatJ* ^£^11] (j^) 

Jju*3 4xWc. Jx^xall Qfe) 


i ^iJLicjUiU L_£i.U ^2 jJjJil' jLU' JiJJLstj q£4J "A- 

JU SjlcLI (t_j) ^>u4J( JuU juaxUe 3 julII (0 

JU.U 3_i£iL2 (-^) 

tJ^Sj Uj (lsl JSUj La jo? 1 3 ^Lo jJ* ^ L-ail! £^3 Jjjw ujSj ■ ^ 

«^-aiA]l j.t-^^1- LJiUl ^r$'t ■ *■ a (') 

JSUj La i-d,U* 4^Uu^ (^) 30° = 4jtf^>j yulu udUi (i_j) 
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Jfjjut ^bti liiLx ( 2 ) kLuj^Uiu 3 jui (-^) 

jLul! ^^ila (k) 
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5lLaaI* iillaJl (u_i) ^iLaJ 1 (l) 
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A | 1 1 1 "'Vi I ^ d^'ikJl (u2: ) 


4 4i2tL_Jll da£lJLh ££4.11 j^l2>jL2 li * T 
* jJuajjJ 1 - l - j AJ S^Lili - i 

i ^2 LLLI 1 i_Li_3eJ I ^vaLl 5 2i_l2* 2 ” l 

4 ^' jJl JjaL*ja " A 


t ijyjij Lm llS JajiXr » UjLj 
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2b*luA\ 4UJ^£ji 4*sijJi 5j^J! L^k: Ja£$11 La m \ 

..Ii ^ulsIjJi S^lha £ a& jHj ai^LaJ* 

*UWl diLLLstj JjSLa: ^_LlU jyk £Lktli_JU 2uu i v >^SJ 1 4i£*jLh 5 ajILI ^i^ljLs jSif *Y 

u_ojuS Sj^LkLl* lL^J 1 J^Lm-: va-^Jll L44 LdJ J^U-Ii^ lL-^JL La -t 

« jJJ 3Jb£.L2 i >LuJ j_J Ji L-LuLl ^ I t ^r V , . L 

4-JL^i 1 Jill 2^21* L*J ^*7>i £1.1 Lad' gllLj n I - JaLd ^y£ jLaj ^a\ \k\ - 1 

J.4Ll 4 ^4 JSJ Ljjjju ^ t it j L^Lfl-a jlX 1 jL-Ul joLLi LoU' 1 JLi _^£ ^L^LLluI 1 

^* 1 ' 

• I jS-4J Le jj& wj_U ^k aJLljUi ,Jt JLl 1 k'J^ ^4 “ - 

£^2 JJ £JLLi J] JjUuJ: aJ-i £jU4f\ m *i 

2JL«Ji ^k jUU 1 abt) I JbJbtdl £4JLi*luiIt 3 Jl£lLL)I ^ dj*JL> 

iiuii^aaSjjj! 

^k L4 4LL=d ££^fcJLa*ll i^tjy I^JLlu. 1^ tj^y juLL^ 1 -V 

,j2jjtXI jLLh Jil>4 

<>$aa jLj ^Jk, J^^ti) ijjJI' jLib >*3 Luj 0 JL 0 ) ^J 1 Ll^LJ^L! 1 ^Jb U -A 

5 80% ' ec\^£ jji L 4 .<JLi4£. tfWJjiij £>£L 1 -—*£>! - A 

SLgd^ t-Ailll L^ld ^i:,j ^yU 1 J^l^aJl ^ Li Jjrd 1 3 cLi5j .lua^J I^U - > * 

«IjU$ ^ 100 % Jj JvJ 1 3 cliS J^i jAa 

btui >4 i^j^ 1 lLu^3 ■ y\ 

U ju U Jle ibylj 

Lg-L-s.^J jjhC 4ja^3u4 4dJkij ^sj^. J' iJ^tl 1 * 'If ^Lu^- (') 



v “j t->i ■ 't ^ 1 . M it n* 1 1 j j ^LjjLCJi 3 JL> jjl 

L4J Ja)-*- 4 L-JULi dJ.^ JaJ 'ij ^alkali J^JLitll yi JL. .lala*.* ^ (l_>) 

< ykJs-uA jLlli 4j JmQJ 

„■ ..it^r.^ Jlj^d 4£^2t1 l y> cjiSj LaJUx. jLIi 4 j jj*j i 1 UL_l Qr) 

*cjj^Luia JaS'J £$£ ^ a! *£j 1 I J^f*l * jJu^ij (^) 

, A gtA j ■ ^ jjjjJ .1 ^_j_U jj’j*- d£-jj-L (-£) 
a|JLju’^ dii? . jI * i ^_ t £ 4Ld £jj_J i.|i liILliJI ^ JLmLluI' jLjuJ 1 ^iJLaJ 1 ( 0 ) 

■ JUJLseJi ^ wii J^j- <_£^iiijs JaI* 4j. 4 ^>u.i i.r.t.lii.ti o *2iUi jLIl* 

ia^jsc^a 4 jI^mu.U jL 2 i XxJ>U ^jUjJJi JaXa \Jtjl^ (j) 

• L a£l£l3u yL UL*J yyi^j J] 2^^aJLa 

j L>» 

w ^ I. J . r nlA / f ^ tii _JLl LjJii4-£. ^IjLd 0.2 111- J / ,«A 80 4jV2J lAC. ^_a.U - ' 

l -.. t „.**\ 0.5s 1/4 wlail^ jaJb L^-ilc. 2V a t^. .“ .• ..Q dLaitjJi 

(0.0625 Tesla) - ^ „ ■ 

sjl£a 0.7Tesla jJ^a w f .. it-. 11 .%^ ^ j . \ L^ti 4 iU£ JjjLS ^3] - T 

jl?-u yt\-LMj lULjJ 1 1.4a 4 iuj^S jJj 2 i j£J 0,4m ^JiLs JjJa 

(3.57 m/sc) ' j . jj ^ i LjJif 

42-jl^^ JS ^Ji - 1 600 Jjljl^j jiJj 0.25 ni“ 2 -*\ , ^ 800 2 ^~J ^2iU -T 

<iiti LaJlc. 43 JlJi’ m^-I 0.3Tesla dLJaj^ isUS JL*-* ^ 

(6.28V) . ^ j ,i£*k \ m\ i ^zj 2 t)i *jc 30 4j^i j JiUi ^JLc. 

4_2^ ^ ^lfC w .., : U lid Jl — .^*“- j tiJjLSe-Z: 30c 111 ^ytLfcjJl ^4 “ t 

.j L^,.h jjut yk — - p 2 l 44 j^J » 0.5m/s 4 _c >>u<j 0.8 Tesla 

(0.12V) 




cl&jX* juLlLa 80km/hr 5.f j * ^ SjL^J 1 jlIj^ZS , dJjia ; j!-l 

4x 10 4 V da£'2 3^J .^jSU jUt*4.U 

(18 x 10 1 Tesla) i( j^jbAJ ^ ,.,A^\ \+l\ 3j^V! suS^JJ ^ , ,i>i 


i3] 10 V LajIJuLg 4i^tL_t mA 3^* <Ll2 jJ.£I 3 ,- j VI ^IjJi i_LsJ' J^U-^ ^ * <*** I -"i 

(0,25 H) 40 A/S Jjbw <U* jUt jUUl 3 jlA 

4A tViilll jl>i jUU jL-U> 3 jl£ JdiLSd S 0.1H *a ^bLiLa o?-3JU l>u lLsJi -V 

iuayMaJi 3>3b * 0.0 1 s ^ J) Jail! djJj ^k jUJJi 3 j ui lIiWa *3^1 

(40V) 3jJ^juL' 41^1^1 4ju^>^£J^ 

500 ajjLj 3jalj *. , „j j^jlj 3l3J 100 4jL41 jjlc. 3 0.4m x 0,2m Jot^Lt i+A - M j -A 

^kH 1 ijlj^jJS 0.1T 4il^£ *k\J£ Jl^4 kiLJjjJl ^k £j£«3 

SjJjIII 4ifeju_ul' suj^SJ' 4a£| J ji 3^4] 1 • J'b*l 1 ±Jl£. ^±$A£. 

{41.89 V) 

Jjjt^ '3Ls 9V ^^jL 11< di_U 200V ^l_tkVI 44.U 90% 4kL3£ **5 

3 >k A jA UiJ t i3J 90 vI^U 1 J3Ud ijut* 0.5A j^'jujVI JjA1( jUpUI 3jl£ 

(10 A, *il 1800) $ ^IjLVl Ja.U> iHAJ jjSUH kiU! jUU* 

jLJ ^_££jI£] 1 4*3_U 2500 V SLu^gCti 4^4 jLh 4 j^£ jJLu^4 ^Li jpaklS- Jj*st4 - \ * 

^JajJua ,20 kaill J3L3J ^iJuu^i kill I J3L3J 2 u f iri tl j - 80A djJLi 

3JLnlo .jjjIDI ^kU 1 iuj>^£Ji 4 jl5* jJ> 3^iJi , 80% J^-tl J ' ja 3cL3S $ 

. ^IdLVl Jdli jll' jUUi 

(100 V, 4 A) 
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$2jJ jil * JtW> J2)j j2 22c i jriij 


50 Hz ^ ^ J jUli 

; 22 ja*11 jLIjJ^ Cil jJ^j 
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A %Jy\ j*. Ay+Uy\ jlU UijS-Ji a^^SI 4iU*ii Jii jLm -t 
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J^u J2 jiJl j4al' Ji jS-«J - i 
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jl^t ^3 Jc UU j^ V ^ jl 

22 JL*1\ JA&\ « 2 J« w JJl 

Hot wire ammeter 

^jl s * j) ^ 1 ■ -b <A L»y 1 j 4 "i%4 jj ■ l - 23 j^LaII A - *bl 1 ^3 ^ ^rl. ^ 

jhU' 2 J^ 2 II 2 J * ^ uIajI j aJbl 22 'ljj ^Jc- 41#«C- a jSi 2 #uhj j^iV^ 

^ j 1 * ji«l^ V ^ ^Aw-‘ otbi - la3ri*ll jy^kJ'l j 4 4222 ^Li 22j2*Sl j'»ui] 
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; JuJlj “ , jjJI 


£jij lilLi ^Jpj jS-jfla L*S ^ jl jaJI J4J 

^ji i n 3 * j 1 1 ■ * AJ3 ■' i«l l uh 


j *4* ^ jW^ jjj* j o^i Jt£Mj t jrt 

J JaJL (^a Cul* ( S ) j*/ <uuu 

* jl^jJJ jyt j&y* l^jlc - » jSulIj Wli j jJuL*j 


fl=JL£ R ^jli« ^j'>ll sjt fjfejJjlII 'iHwJ-sjrf 

: j^-Vi J-& 

^4 jLjM Jj J* < ^-? jWl ^ 0*M I jjt jIj ^1 jit ^ jtjaJt 

[ *j ^ j2j1\ ■JlJjjtlj ja!^ j » j£Jt jjJjS jjijill Jui ooJLiS Jmax j ju j JjJLJl 

JjL-JJ ' b _* j_£. dJj k l ^ IJJ-44 ■_ ^j'_-\ "- N Ql '- \ " J J-*- *-Xj.J £*+fcl fcJuX. j^jjpJI 

Oyill Jc. ^*2 jaII U 1 jia /uij gfill aJ! jiLfclt £a 4uJ S-ll jIa] 1 * jl jJ 4j*£ 

. AijUl jL^U^Uill 

JJ*Jj Jjit J£ Lfclic, Jl JXJ aII < llrtl l jj J%*VW jW-»J jt ^ jpbj 

Jj < 4 j^L^Li 6^1 ^aLjlj ^IftVu jpe. ^ jl jill jj^aV^ pjJu ^u t j\j5 

] ' a-a tpjJa ‘ ^ >.*1L J\ lol jl«I1 i jV jUx!' t \-* -jjIj L*K L^Uial jh jj 

: ^ Jj** 

■■jp- jUli^ t^JaS ^AJ * ^;; _^Ua!>I ^j Jjaj ^ LtS wi.t.^ f- -^Vt - g jju 5-4 j-~*- j - ^ 

jIjjVI <5Vj Uu > > - dih j LJaUajI j liplJu i jl j^Ji * jl j^i ^ jp jjijij -X 

^i jiLJ i juw JaUa ^w*ij I 4 ] ajiL* ijA ^ Lg Jt ifljl ^ jic. t tU'tt j ^ jjL^a U&i.) 








A-_. ir f-i I t> n _* * * 1 j 4-j j * ^j^fSU't 


^jjVi 3-u-yi 


(AC ) «u>Jl J^S\ 

; i " ir>.U <J i, aj nr- 4j-ay 4*^ jUju ^3 42 j2a] 1 jLal^ ( ^ 

Ali-csjrf ^lALaji jLull j 7 1 . ■ ,iflN> 1 j** jjliJ jLu (t-1 ) JlLw 

jU # ^jl j^l l*A 

jlLJ' jJa j u s j^aII 3^- ^ 



(T-t ) Jta 


V = Vmax sin cot (1) 

. <Ujlj tOE 4 ^ ^aItitJI 4 AjfrU V max ‘ ■'■■a’>^ 4 ,j1a~>.1 1 i1 4_aA^W V * ' Utv 


I = - 

/? 


I = — Sin tat 

/? 

I = Im^x sin cot (2) 

i J La^l kHliJl 4 J 4^ jLLq 1 ( V <sj& cj^ ” L ?^ (2) 4 ( ] ) 4 l jl QjH jj 

0 J7*V fljhjtjj 4 -lilji 3 ^ ^ 4 j, ioVl M.^ii \jui ^ y\\j jlaIj lilljll 

jjiali ^3 JjLiiLa oAkiijj ^ ^ ^ 

I Lj j J£^ib La£ aL^jV 1 ! ■■ Q ' La^J 7* ’' ^ 1 JUaJ ji ( ^ J LaS LijLl) 1 ^ ^ j 


jl-ull ^UA 

► 


( v) 



; 4^j yjLaH jftJ-lC 


{ i) J4i 

J-La. l — klfl o jjb iJ J^i jLjjII (T 

^ ,ij jLj 3 jj 1 j (r_t) J444 

A^jUuJl >Juic- h u_filajj ^'lAiUj jljjll j V> j-n a 

tj-iC' 4 «Lta 45 jrf, 



sjS ^sat 4 yjj — J^xaJ ^ ^ l^ri 4 j_£J ^1 J^* -3 0^° ^ J?" J_j ^3 S^plljJil Jjlc JLlO 

At 



lAJU jiJ j j ’ lLliUJI j 4 ull ^ j'l*j * L — 1 * jLi* 4 j. i*v% AjLilj 

, j v "- - ^ * jiU ( s -~* * } ^ J l^JhUjt j j v ^ ^ AJjjI 

^ jjil < 4 Ji )1 jl J;\ 

0-0 f*J j* ^ *j>-* l^- Vj* j t* i u‘ 


V = - L — 

At 


1 jL-ttAjjLn* (I) jUUI aj^ yjSiLfciie. JjSjj Ji* JUj — 6^* 

At 

jUill klii Jl3 ' ■ *Vir- J * Lf -itc- 5J^i Jl I J*-«J Uljt ji^dll J— Aj jjJi. ^4jJj!Li Juj 

j J^lLi ^us^a jA US V ^ 1 ^ 1 ^ J£^ * * - \j£a j, ' UlLul ^ jlU -4 - — Jtiflli I 1 J ^ 



(t 1 )JI^ 


h V j- js 90 ° <*/> jLuN ^ U&* j^Sj V J J ^ 1 *>■ 

t J ^3 j ^ j ^ ^ ^hoj' ‘ y ^ ,i 


^ 0 ° 


1 j -^ 1 ^ 


( *- ,)J “ Xi. : -sA^' j)& 

J_nJi .J-i ■ - • h kLall '_-l— jiai^ aj jj ( j^ u j ^a • _ • ' 'jlaJ' •Uc.llaJi jl a*. * j 

{ J, ■'. - J _jjl jjl ■ "t- ll ,JjaLms X ii jj X 2 tt — *.”•*•" <Jc-lLJI 


X, - 2 ji f L 


<*J 


4 -i-a. - /;-; * ..il Jl ^4 AJ jiJl jUi ! 1 'j>L»l: ^jjl ; 4 j!ia P J:/j 

A™ jlU jiJl 


J. i ' m. I t * 'r. I 


= ( ! ) »-^j 


Tvw^r«n 





CJ&i idU ^ 








A-_. j .? L* _* * * > j \j J IjmJ > 


jJjSfi SjukjJI 




^ifWMWTL., 

itmwwwv 


L*_-a 4 i ■ -V' *■■ ^ 1 j JlL^ 22£- ^5 j 1 a]I j'ljIiU Ajll^J^ Alc~ Ll>iJ 1 

— * Jit ^ u* S^n ^uut lii - ; Vj?i 

/j ^£3 CjLa jULaJl LaS 

X L = X L 1 +X L2 + X L3 
X L = n X L | ^ <u=JI CJS )jj 

^ ^^Ic* J-— ^ CjLaLJl tlijl£ Ijl -; LjjLj 


— = — + J— + _L 

X L *Li X L2 X L3 


JiTWSllSWSVJ 


CjIjS 2 GO <i j* JJjla 


^ j ,/u ^UUl iJlulS Ijl j 


*Ll 


X, 


J 4-fl j iJLail 700 111 H Aj^k - flU ; JlllLa 
* iLall ^5 ^jLoJl 3L11II <■ i- ■ ^ 1 5() J-J^ O-i-J^J j 

X L = 2 ti f L = 2 x - x 50 x 0.7 = 220 Q 

7 

I = — = — = 0.9 A 

X L 220 


- ; *- jjA A 2 jla]i ^jSj Aj^Lall jLnl 1 ! (V 


-5^.1 ■ sL1£lAJ^ jiw ' ; r- jj sjjlc. } rfig *1J 1 I'jllj] jLa Jjjj-ljl-a ^jc. B jUc ■ - aXrtll 

2 sl\ A klylS Ijli { V ) \j-> ^Jj j 3 V ^Hg'ij; j *V '"v ^^^,> 1 ' js>S \ 2 A'l-y/all '- 7 i^ r y* <Ui jl 

4 W wall C = ™ \.y ^jLa ( C ) 1 4 am J ( Q ) 4 aij] 

jl jLaJl £>1^. jj ** ■ (jij^j 3 3_ai'*_: ^ q^ll jj 3 j 

; JiAj-eajl]! A_-i i 


L-olUjk t_aiaaJiij ^3 ) ^ >U 1 3 ^-iiasiU ( A) £ si > " "n^ Aj jll«!U ^ 

ii ui 3 k^f jjjj 3 > l J %3 ( 3 ) ^ 3 ^' ^ ^ja Jiijjj 4 j]Uj jli La£ Aj jUaiH 

(B) vyj 1 ^^ (A) gdaxidl (jl) 4jLi3*3l A labAjll ’jt l (A) ^3^^ (B) ^ 3^^ 


^A.) ^^-^■ AjjI ^. jL^jpalt ^ lLqU ^Jl JiSli dui '}* AjJLw ^ ^ - : ' Jijiajj 


^llj ^"il W L *M jLaaj'l L aaj 4 j jl Lull ^ j y\\ 3j^ ^4 > SI *, y LaJjc. j 









v 11 


^ ^ yj$ < J 1 jn>l J^,> 1 J ^-mJlU 

iLkiMhila UJt-4 j ii j <Ljj. LCU 11 

^>3^1 \| 


A, 4 

Hti 
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tf > aftj pA ajAUll ^ V\-%\ jUj j^j JAJA ^-umj 
^ jj X ^jSaIi — 4 w J: ; il 

■ JJ: \ia j ' ■ ^ *_*a ^_su£a|1 

a j jp £Jj frUSl ^j-^.Mij ojjp ' ° 1 ^ c ,jli -14^4* jUj jA*-aAJ ■■ JUl-ojj Jjt 

ikb ,pj 4 aS 1^]1 a ^iU AyLjjjl ^ _jL-j jkla& <p* j] Jjjj 4fr;>i1 ^ j3 J^^sy 

emf = j 1 ^ ^ aIlw ^ ji i i Ji^j k ^ j^wA] emf 

fi JJ- L q - ^-9 i^lIj— j* ■ - ^ ' I ^Jl LJaA .J^_ta j l aXa^ _L^_i, j a - ^Jl j ^ '■ ' 

(’i-l) ^JSjAIIj LaS sJuJsw /ili .%M,i ^jSJj <JJJpb <■ ffiJ Sjj-4 ^-JSj-ajll J 

£J jiu vilij 4*>J 4iJy jsU&JJ ^a 3^I a ^tU j\ ,jjj Jj! J-^aJ 

^jlaJl Sjj- ^k-sajJl AjIl^ j&neall ^1 1 ^ ,j£ ^ ^ j h ^ Clllt\>kAAj^ 4 jC* <2l^A 

^>.^1 t^jj-ii' ^ jj^jj 


j^jnoj ^rti.ij i. ^1 * fl^fijj 40 jk j % rta I^j &jjl4 JM bjjj-a IjUj ^ silli ,jji : 

JiO*^ ^ Ujjk k_j^US ‘UasA 4 j 1 ^ jUl! L n u,l vih j, kjjloJ! ^o^LaIIi jLull 

^jJUlLo kkA 1 - H i3j^ i 4 -~- <jk i3 3* L ’ fl '^ 4 ^ ^ 

Ji^lb U£ J^kll ^ U.0 


Jj ^jH 4 

l_-± 






tf/ -01- 


%:| 


- ;i u*~ 
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7^1: f 


il) 5 

fr, A ^_,Q + _ 


{■> UJli 
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= :hB^ 


Q = CV 


I = ^ ji dip. j 


At 


o^i 


— __T^v^Y^n j 

i,M 

^lill ^JLJi uuaU ^ L)^_Jlh j 


' 1 






^j^cjaUJk* j 1 a AjjLuJ < I 


jjjSfi sju^yi 


I = C — 

At 

(v_ij JSLlJlj L«£ ^gAaJwj S jj^wai ^ic* jjJail AjjI j £«a jhwC£ V ,j L ~-'.^ J 

AjjUaa j jJaJl ^Jjlj tj j£u IjflAit ^ ^Hr- Ajlgj {JjjLu ]1 tjjwi (Jjaj — jls 

At 

^ a Utr_ AA^I J\ \/ e=lj l ^ - -^ ; ^ j*e_i j-IjILj lJsjj y ■ --~ i 

j ’ LaIL-l I jl^iLa ^ Vi vlU jLull oAii irinVij UlU-u \ j^-lLa ^j^LaaII (Jja ^ > o j V l 5^J LaAiC- ji 

^v-t^i iiVJiLj yb Lt*£ [ ^ ^ ' n ^ ^vi> 

jAsjj 



-*C F 

1 1 ^u, j Aj i*_J 1 AJC- 'jLA'i as i 


■ M I^f^ Xc=-A- Q 

27 r/ C * 

90° jj A^_aJi ,jja 4j^ JjUl ^ fAiij JS-iW J-o 

90° _y * *\^\} *■ >_$& j^ 3 j# Aj-aJl (Jj3 0^ 



AAx-uJ ■- 111 ■ l jXaII ^ A^yLolIl jLiiJl \aVsL ^Jlj 1 ' a * \ \ a aI I ' s iS£j 4jj» — ^ -UtliAjl *_i_i jjLi 

; \jt-o ^ lU^rtll 

Q <j jl.iiJA i ".'n.^.'iii ^ja.Mij ^ U<U T .) jjs ^jl yjl ^Jc* JSLAlU LaS Iaa CjUjSaJI clAuaj U) { ^ 

V — V , + V, + V, 


Cj Cl Cr 

HI — II — II — 

*— Vi-^- V, -**— v 3 — ► 


Q = A +S. + 3 . 

c c t c 2 c 3 


- — — + — + -L 

C Ci C2 C3 
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C = — n ^ jjc. j «»-Ji ij *, -cl^ . - ii -ii ^ i j 

n 

y It j yij Ia j jj ^ ,jU ^ jl jjSI lu olij&*11 ■.'tl.,^»j Ijl | '-i J ) 

0 = Q| + Q: 

V.C = VCi + VC, + vc 3 
C = C, + C 3 + C 3 

C - n C| tl ^ ^ « mi l* Aj jLril* -" J.11 CiAS 14] | 


<j jl ^ Je* U-* jl 40 , 80 , 20 ; JH* 

i jjWt jUN jIjj 3I i*. jl jtjh JO •■“> j* 1 00 

C = Cl + C, + C 3 = 20 + 80 + 40 = 140 X 10* JJU J*J< 



1 X 7 X 10 fc 
2 X 22 *50 A 140 


= 22.72 n 


1 = 


100 

2272 


= 4.4 A 


Impedance 


i» j3s JJjlJl jljiil j djL»jlL»j ."iU’Khj kL a ^jL» iJ j 3' jjljoH 

iku*l Jt jTcjj oUjliJI J\ iiL^yt 4 jj > J( Jjjll 

^ Jk 4 jjJb Lj_J J^J * As jIaaT 1 ^«Ji uu A» (LSaJ^ jj 

; j5M ^ A-* j ! ^ ^ ^ jisu jlp ijib 

- ■ *■*‘1 Ja&a j* , *U r'iii) j* 

j£*j "bi jj Uue* ^j-S 

| A ^ J 4j ^jA^. j lt i La£, A Vlai U aIc ULiI^ ik jC Aj* jjtLai^ 


^ J^V V jji L-AH J AajUaII J V jUllj 

juoll J jJoJl 
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-v R v L 
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v = i^ 
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JS jJfc o ji * 1_ » K» jiil Jl. 400 <* j 
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X L -2sfL-2X-X50X— = 30fi 

7 220 
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J*JI 

« L -*-. 1 1 jU ' .ljl l 

IJjUJI 


l = - = ^ = L.6A 


V R =40 X 1.6 = 64 V 
V L = 30 X 1.6 = 48 V 

V = 64 + 48= 112 V 

.; £jlJ t*J. Lwl 


w* t jj Ui 11 Jjjljil Sjjll J* j& fk j 
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U — wv- 

L; 

— ©- 
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JJfij J*iJ' <*jU*il ^ 
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wlJLj-^LjLl ijj^j 
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[ J c. 
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^-4 u‘ i jSbll jji-31 V>'j JJi UJ%* X L > Xr lit 

0 jWUI 

jili) ji jl * >9li (Jj/iJ j 4jL" JjiJ' StJ 1 j J- 1 * JjSb> X<- > X| , blil£ IjJ - T 
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■^j jj ^ ^ jWjS'j 
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^ jiUl 4i& j4**3aJ1 J\ l*,li3tj w^j£Ldl ^-r J4^ j ^Jd-sil i ^B J-La-4 

A_L4 jVI ^-ajULaJl ^^B 4^1^ jjjyall S j2i]l <> ^At 3jj1,lll 4^1g 4 ii^\\ * jJsill 

jij jill _j tliilc-liAll ab!>U_11 


3 *t 

(X^I Xc * 14 * V'J >4 J MjlM j* U3UA 
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?U-uL llLi j 1 j 'fLjjLult Tl+j j4$T 



Oscillator circuit 

11 All* ^Ici - ^ ^ lJLu *Cu& jJc. - itUii <j j <sUall JjL ^ 11 

tjiy « jji »-rt jtLi Al tla&» u_ili g* l_j^ j£ 1 S gjl.ll! 

Lt£ (b) ijy >■ 0& •* *&* j 

wijU^ L>^1 ( a) 

sikalJtj gjLf i— a jjJT* i i ; J. r- jJjl 

LiS^ * ji g£3 iJlu jJjlij jLiH T-iTllu g j$4 4-iLj]U 

u>“* ( a ) <h ^ ^ ^ 

k jp ^ii j * mi * *K«H ^ (b) Jlc 0 (a) £^AJl -lie 

I^kjj ^ ^ _4 g£ O+aJt j ji jLfS M^ 1 £ J} £ J® 0* 

^11 ^iLUl Jl^- ^ ^3-3\ JUfo ^jL^^j^ 1\ J^l\ 

jllil 



J 4 ii Jij ^ jyj ^J 1 jji J*£ ^ jUll J-i** jjSj ^U 4 ' ^ 

/ >\ "i.u 4 j ^j’i^ OiaJU ^—kLO ^1 O jju jLjjjl ^ g^ajU^I ij£ ■ r ■ ; j juol^ 

ijlS I^Jl L>^*^ l| l ^- l J M^* 4 ^ £ jltt Jjj} £ j)ft g* A Y-h«;j i (jm Ai jji - » ^ « 4j 

^ -i|-> Jjh*|j ^OO. -OU* ^ i^i ■ y ) gihflj ^.n7»Aj sjSL< 


^Jy ^MjUm A l l Jl^J^ K%jj UdJi ^ Jljl J W^j ^ Jlqfc-4 jj g^ jUl 

■<^ 4jLL ^4 jU l ^jj) gLaM* ^jic- j j^D A^hUl J >3^ j 

jj£jj il£A j JjVl g-i£t * »■*- *■ ,jjjij »jpi ^ iiU <ilh Jju j 

g4J gl ^uJLi -Li jLj ^ i Jjljiil <ajLi LLllg\ Jp^l ulluj g* j 

gjL^ill 



Uaj^pj S j' j*. J) <iUall Jli g ji».S T \ vdXwV^ * iUli jju 

0* Otfj ^i 1 j> JLj fr jj'oI' >Jl Ji*s 

jaL^aII j ni ill ^J^ayu -^ .; A — % ■ 4«Ojw gS-*^ Vjl gSj j jlyjll ^auj; ajj«j11 j jImH 

j_j j ^ <- i ii^f - 



jJl jJjA ^ jJ ^ t ~h I* 1 1 u ] V A . jfi I Qaaj p— » jJ^J 





J j Ul? i jtejTjji ^ n J t ^LijhjIaUJL* j 1 _> AjjLyJ 1 ^aj xffl 1 ^jiSt^ 3 jl>-jJI 

a ji^j sjjIaII ^ jUlll AAjj >- 

La j&\ jLuJ^ UJh*i 4_niJl ^Jc.lLaJ.1 ^Ujpt^willl ‘^JctUla]! jj jLwjJ Ai£r. a S^jIaII ^3 

A3>lxJl ^wa o^jjIaII AAjj ^IlLuUj i j£ J GJ 
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/.27tf.L = 
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( AAjjll ) f = . 
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p A N 1 
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2/r vTr 

4a^Jtilj L (JjflljLja jt jAaJjJtiil JjfLaJji 

S a jjIaJI ^5 jLjoII AAjj ^_ia jjj k _^2l! J-ol j*Jl L* <ajLuJi^ 4JDI*_1 !i Jj* * ^ 

■ <UU 


s VV^ a \\ Ajujuj j J {3 [_ [ [ j h Ludl .^jIaII ^JjclLw jIS I A) o jLj-* 1 SjaIa ^ jLuil AAjj Aijl ; ^ jLi-o 

Al jls ^ 4.9 



= — -X 

2X22 
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10 6 X 10 4 
16 X 49 


= — X — = 568.18 Hz 

44 4 X 7 


JaJl 


2 X 1 0 4 H Z AAjjIJ aj%Jfi aj-^A Al jlijjfLirf ] $ 4 "iT ah l ^ ^_LU JU-3J ; T Jjlia 

i 4jt*j l _ >>>1-1 \ 3 X 10 4 Hz JtAj3^ J iJ ' *> *\a\\ ,j^aj wi Jb - ,a J LaAjC- j 

J*U 





Tuning circuit 


<j'i Ji j4jlj ,j£^ wkLa y 4.W.I.JI jjJWwa ^ q'Xj l jya, u_ifi j,Ly 

jIjpJI ac- 1 j V 1 a jliliV JuiwV 1 ! ; L$_La ^wajiJk 

* jjjjjll o jjl^ J^aC* J p t 7 uia^J 
^jnSjcu j'uj j L ' - ■'-■!> j La£ o jp^J J_i-o jj 

^ ji jii. ^LLaij ■■ " 11 ^ t &Lajf 4 jl«J 1 J^U4 - a r ' ^ '-■ ji oOP jg jpXJ 
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x, 

- J TIMIf'-i 


JJ jJA jI^U 


J ! J* A- 1 ' 

— Q “(A) 

% Jj } £ Ijj jUUl jpJLil: jlpjjl S-Vi: ,jla ^ ^ 1 1 j " - ^ ^ ^jjLjj j'jjJl jpij 

O^klpll JJjP £-A> jA-eSjoJi PPjJ pjjjal LJ£ jLpll O-Vi Pjjaj AijJj J *-1 rt3l PPjJ JJuS 

^Jltliioil' J^Anl\ JUjJ £ Jjl-Jl JjijJ Uo4ic- .^jSwP La J4^l jLuJ' 0>^J 

wSl-Laj] J^C- jl ^ q^- ^ll Aju*: JJAJ jl jA«ewdl JJj JJ jjjLi ,j£^Uj _ 4 I ^>-1 1 ALc-lid' (JJjLytJ AjisJ.1 

PP JJ .jlL ^yJi 

( j|jjS jji ^ jLkiUJ Labile. t^UjaS sIj <-* La 4 ; '■ 

dj w_jjl (. tt* - -'-> 1 - A J. 1 Jii. \ J_lCr J . " '■ J ■ -^1 jSU ^Jfp J' ^ - JjIjUj 

G^plplli PiJj s-I-i3 J ^_a JJjpll 4 a\l A. j j'l 0 jp^-a |j ^3 jjI IpI * jJJp ^_j-o ^ 1 "iiTii | 

^Jjjj ^ A > J AIjx J IA-2-S^J ^ Jjajj jj j-alL ^ a > A 
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■■ r ' 1 '■ ^ ^ '.'i pp jp j^iu 


(31L jljiLii'y I 

j jp iiLlA ^ jl ^Jl ^L^lL>.i;V1 ^---'-^ J 

^aJ £-* wiUll CjUI JJlD jt % 

/^c- ^istjall ^)Lult J ^u£ai) A 1 \* * CiULw I JlpiLjjVl 
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J ijZl* jLmJI 1 ^ * 1 J 1 > ^LjjLcJi ^jST' 3 JL>-jJ' 


11 tf 

^J| J jaj L5 -ala£. t _ ff Ji1i ji^all j^o WjJ J AjA^i j^itT 1 ! ^jjli jUjJl $& ' A-Sjoa^ jtiilt ~ ^ 

j^-^oJ, 1 ! .^j! Ajaj ^ ^ *utgj jjJ) 4 jAm ^l^jS 4JbLaJil ^jj£*4j ^>a aj jA - Q ■ '■ j^.i ll 

^i'uil a j jj i ju^sJ 

gjjJl jj^ull ^AaJ jaLaaII j\ ^jjtfJi jLu3l ^UaJ jlg_i, J* ! ^ ^ 

^jh* kilLui ^ jLuil IaaJ jj j^Jl ^AaJ 

L , 1 i^nj ■- *\a\\ jLjll LfclflL ^2il 4 jL»UiljqJI itaff A * JJ^ia jLiS Aj j-aJ ■- 4 ^ -Uc-lLall -T 

4 ja 
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4^w ■ ■■ I. Alts.) t vfty a ^ AAjkuJI j'ljjJI IaUL 
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Xj - 27t.f.L £2 
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adil j a jilj ^^3 Lst-s jliaJ^ ji ^JcrlLaJl ._^A ; A 3 ^'ulaH - H, 

Z-V« z + <Xl~ ^c ) 2 

f = B Jd§-»ll jjj jjl B jjlj JJjJ - ' • 

2 n VL T 

11 JjjUj ft 

: <^jV 1 ^ J£j . I b ^j bU» ; ^ ^ 

a jj4i_a 0 Jjb - A5jUuIl - ij ji.ii-...J 1 Ajc, 1 Jui 1 _ a \\ 4 \r.‘ ■a^ll 
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- t ^0 jj -t* 4 ^ jt >. H ^ic-'u^Jl - ^ 
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s^W# J*-v 

- i| ^ r - — ju a jj,t-*J L S jjl^l . ^ J.T-, L*J * 
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^ jljpll jX jL^S j Ijkl *L-i ^jl ^lll 4j J& jL^SJ tij m \ 

^ j* ~ 1 2 ^ >^f ^ ji* 

( | 3 SI) >J=H* 50 = *jjjj jL Uk 

; (Jd j li] i iuA jLtll 6 £7 ^iw jJt# j ^ _>A — - ^IjJl < Jlrt ; A^i 

4 l1-l ) ill jliJt cJ _js 6 4 j ji j*ju** jUj jOrfAj -i 

cJji 6 ajj! j J3 j* 50 *^j5 jW 3 j ^*.* -V 
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| Ai,j;ll LgJ 4-<ua jjlj ^^3 jLall jLjjII 1 ** ^ L ^ ^ 
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( 28 xIO" 6 ->lj^,500V) 
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JpLiJl wmI* jalrVi uli' ^Li Jl . JjLls jiLL* JjL^j^diT 

*X juuiSL j^j*£t jIjuI A3 JpLsJi JL? jLs .ct^Ld* Jp^L w L»jL_ju 
U ils .X ^*4^- ^ ^ 5jjJi ^ >w .< 3 jU* <jL£ 'ij W .^^SL^sSUi 

4, 1 *-* J^UIj jjt x»Y 


*IajL^- ^da-* 0 -L- 1 W 4 lja 2 f uui l^j ^U t d^dJt ui 


F = 


2 P, 


w 


2 x 1 
3x10 


n- = 0.67 x 10" 8 N 

O 


cW' 


IajUJI >£* -ilSuV 3^U‘ axA^ 


A4-\yi jjjj-ju ,j3->i< j^Laji ii>-c 


X = c/v 


h I^l 2 lfj ^ irnitl u^iAJ 


i _ he _ h 
* 3 hv “ hv/c 

V P L = mc 

hv 

= — c 

c 2 

hv 


JL = J- 


(>V-o ) 


4j1 . P slSjaJ i ix^s ijpifi. u } <*?4 si^u ^ <^^11 Jjtai* ui 

tZiljjJ ^JlIiiJI djh L^l ^ X -jlJ »**■ L ^ 4 jjLu yli 4 La -* die. 

^ ■ « T i ijjb <Jj*Uu GIjjjj^I * 4 ,UuVj J 1 CjLsI m,l* £jji jiSj jl^SI X OjIIJ Q| 

AikJi uUluJl lIuLS Ij| Lit Lk£ i4a i Jiajui [rtn i »*> 

5LLi LjX^ Li Ixfej *i ZjtjoJt J1L>- ^ JlAu iLLi^j^udJt *X ^^$11 JjlaJJ SujULi 

.X^&l Jtlb- ^ 



tfjJUfl dlO)l MU 


>yjaan 






X = 380nm JlS » jj iUS 4^1 


y-dL- (3xl ° 8 ^ tW ' 

(380) (lxl0" 9 m) 

= 7.89 x!0 14 Hz 


m= E/c 2 = hWc 2 = 


(6,625 x 10 -34 Js) (7,89x10 14 s' 1 ) 
(3x10 S m/s) 2 


= 5 . 81 xl 0 ' 36 kg 


_ - _ (6.625 x 10' 34 Js) 
l" " (380) (lxl0' 9 m) 

= ]. 74x1 O ' 27 kgm/s 


1 jlia JNU 4-h-> A * j,rtlrfc) 1 


S a 1 1 tn LfJ uL>|ll iiuLS bLJt .Symmetry JM 4 7 tt ^ j lit jii Jj|£ll 

Wave Particle Duality jlaUIfl 1 ^ Y I^UJi 

IjJjIa i a u ta <1 I *jb * ^ ^TT De Broglie 4 tL# 


X = h/P L 


MT-») 


iJju-l H3 Ll« IbLu 4r4j ‘I * * ^ > i£j^ 4 jl*£ 


i lLU ^ s> AJjL* 4it ^lfiL jjAli tdili * L* ^£Jj 

jt A ^ ^ L A 1 j 4 Sjl i i JhAI 2 Um»-Lu^I L^J U*t r^i 

fj\S jJ L*£ JoS^i ip-jll oJui ucujsu jL«£j1j 

k^i<1 1 J ■ ^ ■■“ T 1 5 (^4 4 L ^ ** . .- 1 . 1 1 jJ* 

iLUi>I£iyt ;> mu 4jl t>L ■> gUA ^Jt \jj\A 4 JLaUt 

}(( * AJ5 > ^Lc I Ul .^U^ll LjS^Luh i flint <L>Uiki 4>^4 LjJ L^JLa^J 

< ui> Jj-p- ytjjjJlj ^ ^-l 1 j All >. k -* ■> + (JSJJ 3LjSt jjJl CiULuaJl J * ^ j L-^xjI 





f- ^ lj 'JLjfc jj.1 1 j J jl 'jM * UfJ 1 JL-^AdJ 1 


aii jjtji 4 Laju^ii ^ 



Spin (^ |) * t 1 utUi) 

IiIa j .iSjjfcTl 4 jl*£j 

Jb-9-L^-li 3. **■ j 4 It U^So 
dUi LT?*-* jjh 

4^^ii a. l a ji 
j-4-Sjj \ *in jl JjG 
iCiLlij — i£Jyi 




ji ;* r>y> 


Uij jl \sfij 

gjUJi ^1 j 3*JUJ ,j£*j 4jl dUj Ja JjSJj .( Y 0 - fl JSLl) c^laJLS LjL*j * 

JH& tdJi ^ jiliiij i ^^>yi jjp# l l*. fh 1 ■ *- " ■ '■ 1 l*-S -u*>j£]yi jy* 


* A j. x l y i ljUiuSi 



ft***^J I J ji! Iny 1 j i j I > jj I II rtl * 


ajutsj-y 



.Electron Microscope > ^^il 1 




j *1 LI 7 r) ., *\ : ■ I 



sjS-J 1 


i ^ : ut! ^ j^U’i juL^aI 1 
4-^Aj PJ .OGi^-lll^J 
,5a^Ll£ £1*1 O* (>J>iaJi 
*j J_J jA 1 4 |hj ui M-L3-V1 

> ^ jit t gV i Resolving Power J^^-31 

4jV i tjL^- 1 Ad+*~ 0jjj 4j 

150fl J^fcj ul t*j|£*|| 

6jOUua_9 io^-J-4 SfljUl jt3 1 X-5^ i-ilLc 

J^Lsji jj£j JUbj t (0 -V JIjLu) IJ^- 

Jidjj yl jm j ^^*^1 i fti> *jA^ ^ ijliC 

^^LaJl «.jyhaJl '-“j V ^ji-Lua 1 il.. »l 

.{YA-* JLi)Ua^^u( 

■ A J > ^aJi J | | * l ^ ' — J 

J J I Lil i^j-baJt 

<1 ^^JSUyi £U^Jr* g-U.ili 

4j^L>J( wL-i gS-wj 

cv = -|- mv ! 






US 4jbi u-lj 


j— 1 LSI jl ij— 4 iJaJI j iyi.il ^^- 3 — j J^La 
^3>.iJa.tl * At ,t JjtsJt 

4jju) 4l ^ 'iciyi j | .ij, 1 4 jLJb dJbJj 
wLuiJujlII LiJ .4 rt^lM ll jJjk^UuJt j m \ 

A ^ (tajLn^JUii 4*4 JL^JUAikl I 

/y4 ^3 ^l ^TCi yi V- U A 

.Electron Optics ipjjZJyi CjU^vJi 



^ jjpj U£ tlijij 






JUlilj ^U! tills Aus J t * ^jj* jMuiLdJ yl * ** * ^ j^jSLli^MSJ 1 cb^idJl • 

.ajAJl &\ jj^JSJVl Jj* ^y! 4 *ltr>l 1 ** £\*A)t\ jl e^ail l^li 

tJJ iiLlo Jv* iliti 4 ^yt tbaJHj f Lb* 1 ] ^ jl g jbit 1 • 

, jijDl Vj <ilj>L» CjjLj h ihV L^U 


jLoJLlt ukdjJb <lo_> aj f 1 ^ajLJII ojA Uo JiJjJ* * 

U 1 UIL> , 4 LaiU-Ji 

iZjQ^jJSJyt iilL* Jiijju) -^>Lu j Mi j^Ui J 51 ii^Ul jlS til 

3 Jm ^ JL& ^*jJ| 4 n jI£p ^xjUI^ Jiirtj 3 j^otl 1 

J^LaJ 1 j, . V_ _■*»■ <jj k _ y ib 4 LIj 4 £.^_l» 4 Jj iS^?- 4 -L*£ 4 lj 4 lZS <J j ' • 


doi j^jU . <Ll 1 c laJLi^j ^yu jl 4 jUU ijdkd jjjj pjj JUJU* i^^ll 

» 43 iSj 4 ^jsj- ^jLuaJ ^vii£ jj* JjjJSJj ^jpk. a^il 1 


4£j~b>j illf jj^J^iil iGljjjjid) CtLal jjjIj • 

hS^Aj^S 1 


^w'u^j^kJU 1* l j 1 1 ^Tl ,. ^ 1 .-* i> 4^j^ll # 


j;t»’" *-* J iILMj b^jlj t.^'jJi 1 J^lsaJi # 

.(U^mI) lu^Lall 4 lbJi jjjla JjWl 4 kij| 1 ja}i (twjJl 

aLjuVi iyj f jJkLwj j jCi L ^jl abjJ U jj ilM*. .^Jk, JjJa ^*1 * * 

, j h iflJJb 




i jUi§ <U mm) 


^uuai.Vji 

414 S 5 : 4I12S l r i &* I 700 nm ^laLa ^ 3 ^ 5 ^ iflL^ <_ j f n*^ i . \ 

(2.58xI 0' I9 J , 0.29x1 0' 35 kg , 0.86x1 0' 27 kgm/s) 

iaiLV ^ 3 l» JjUil li) Y ray i]L> ^3 X ray ilb- wU^^All iiiS i_u^i * T 

Q.05nm y is_iiU lOOnm X 
(m x = 2,2 xlO'^kg , n\y= 44 xlO"'^ 3 kg) 

t * l 4 < 40 m/s <ui^w±juj 140kg 1 -g-ViTC ^^ 3 !' J 3 L 1 J 1 . T 

qj 2 jj 1 ^| 

(X-1.18x 10 "' l4 m , X e =i- 8 xl 0 ’ 5 m) 

j-c lL^uJ . 1 jl^-I iflta 1 — llu->I 924MHz 5^3^ i _4£. ioj 4U:hJ . i 

100 kW ' SjJ£ LlBlS Uj iysLU* CiGjjjil 1 jsJc ^ r m>\ (& (Startl * c X& 

{E=612.15x 10' 28 J , n=lWxl 0 2 V) 

J.4 jjuai’ ^UaTJI Jjjl AjjLj^lm 20 kY £j\ju&2 2:3>5J! ^ 4 ^ “3 

^ 94 x IQ ” 31 kg 42 Lli£a 1.6 x 10 19 C lL^ iiilLJ’ cUL ^13 

4 l.4^d wLlil> 1 

(v=0.838xl0 8 m/s , X=0.868xl0'‘ 'm , P L =7.625x 10' 23 kgm/s) 

JrtjiSlftff iiijai 1 nm /JdjJSJ] j L4JL^j 3^*7 J3* cBL£ ’it 

, Jbuail fiS ^3 

(Velocity=0.728xl0 6 m/s , V= 15 Volt) 

JliJbej OL* 10 kg 4lilS 100 kW 4 jjJL£ £la_il L$j JJ 3 J “V 

(F=0.67x 10' 3 N) 5 lill* * E 5> £fj (iumJI ulS 'it 

JILill 4JLLoi1 j LoLj 

J*U_4Ji£ 1 JaJjlmlll \ I 1^11 1 


. ItA i * £.j^J ^ ^LIIlO jh "i /'ij i .) 1 

.^3^’ (tLuirtJ 1 frU At ^ 4 «.ai. j I lLojj l_ojS “T 

4U^jUitgJl 4ju^3 1BJ I ^jAc. JJ- J ^^3 lj3^ 4 3S ^ 




Ji tojju 






jjUi m iciili ^jJj j^fju Atom ^ * 1 ^ 


* ijf^ 4 A 0 J 1 (j4 3 joJi> tfUkii 


\Mr ) Bohr's Model j;j 


5jjj £J>*j Lsdl J—jjj Jji — bjij £J*4j — 5 -I 3 LF^fl ^jLj_ 9 — * — “*- ri Lf-P 

* L y* ^ 1 Ul UjjuM^ 



4fAJt L w ■■* a 11 


j*—f 



M&* ;>/ 



Stjiil Aj fc a fri AjJLf klilijyjfjyi 1 L^l^jkij (T) 

Shells UfiVl |%*k*Lj AkJLu Mtjld-J 
*jj j itl y 1 JnJULfl^ Vj! .i_ilici ^|J_4P^ 1 4* M JSJ 

■3L_ilL=J> **? j *. ~j LXlLa V :e A » A l 

,< 1**1 J£i) 4* ^lidl 
X# ^1 1* 4ji w*> 1 ^ »i,^ *jijji (t) 

^ ." 1.^ .-T i j^ul j)U^ £ljlfi J^-s- 

-itjUl 1+U^i 

*4ajVI 4-* V^J 1 4rf5'L±Jl * | ^ 1 I ft3 

tPl E 2 4lilb ^jU- jlj- t> ojj^SJ! Jili* 'Jj -> 

, jl !■ il Aj L._fc i J — ilia jl-k — • 

J.1 tlL* ^Lu^fl ^ii *- ‘_ n 4 * diljJ »"■ 







iiLbJl 
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1 


F 

!■“* # A i A 

r i 




rvWW^' 










.{T-l JSLm) waul! aajj V 

4 > j.frTII *LLi QiS^u tjjjLa) 4 ,t, tit, II * Q^I^^lU) 4 ^j>#£JI - 1 

. cj jJ I jjLat-^ 

4j>jj 4J ^i^LuxU ijl GjjIjlI ijj jlJ.il l_iLul> ^ 4> - v 

2 TIT" s: JlA 4J^-aJI ^ , ( V — 1 JSLi) ( fl - t j2*3 JUC jlJktl jfci >, ji ± il\i wu*>l) 


t( jUiJ ^ybb^J I ■, ) j>J wIjw( 


c 4j^jjJl ij^yfUJ L^K jLlj V L^jUs {«L5 lL> * . X"L ^jIj) l **? jj 1 i ^ tl <1*1 jJ jjtil JU£. * 1 

^p!| ( IT-— 1 ) 1C .i -L.il ^ «* T *fc.t 1 wljJLJl wU$j. lyi Jbd-jyJ ^UjJj 

(n = 2 or 3 or 4 ) 4i* ^^Lc.! 





E n = — eV ls* (J - y 

" n 2 


1 eV = 1.6 x 10 -19 ; iV 

jvlj jJLaj) I1 ±j- dj^a-i ijLdl Vj iJLaJl iiLUl Cibjl m * ^^juj V - T 

ub^IyU ^ 1 ) Jbh* 4 .> |iJ (AajLj 10 

tfjJk .irtnj 4lUa i£jyu*^i 4iUa l«Ju£ “ t 

41^3 hv = E 2 “ £] % <(hV) (V) uijj ^ * Ai JSLi ^_ylc * atWfi 

x=i^' 


u^LiLui fl ) ui^ ^y g* 4 uutaJl j jj ^ " j - Q 

. UiJ^i biy tdAJ Ixa ii'Ja JjUj Kfr* Ja> JS .-UjU^tt ^ (Scrips 

;^L Li£ (A-1 l^) j[W^JJJU4Jl iji ‘ I uj^yjj 




1J=9P 
n = 6 


n =5 


n = 4; 


£, = -0.85 eV 


a = 3; 

£, = - 1.51 eV 


a= 2; 

E 2 = -3. 39 eV 


121.5 


run 


102.6 nm 


97.2 nm 


\ 


n - I; 

E, = - 1 3.6 eV 


1R 

IR 


-656.3 

-486.1 

-434,0 


nm 

nm 

nm. 




410.2 nm visible 
— 397.0 nm 
388.9 nm 




Ultaviolet 


^jl <3 i T dXj ^ ft 




5 jj 3 j^*> 





^a_r. Ley man j i ^ .t - \ 

> (n = 1) K jrj : oJi jj^JSjyi 

^ ctj-i-Ml <5.1* j_djj .^icVI .~.nj I -ti 

•^— i— 1 I ^ *> ^ * A Vl 4, 

.iJk, JtjL) 

^ j _] ^ ~ *_* i-yp> Balmer ^lb - t 

[ n — 2) L ^ j ~ ^ ^ t f ukJi Cjb^jLjjiXi 




> j jtA i \ > 1 &jjb 


(n — 3) M ^ ji tj UaJ 1 » jiXI ^Ajju Paschen ^uiU hjl o.^rt-4 

ClOeJ inlaid 4 jC.£ 4 Js 1 1 tfJLA jiui 

^ A. * — i. u 1 J UJjlJ 1 ^L^jLu*!^ ^_jw4 t Bracket Cj&jj <lc_)i 4..^-4 ~i 

* c I ^ i diBtj ^ -i ^ ^ ^ ^ j-^5 i(n — 4) N 

l ^Ji lL^^LluI* Jya J^Sj <_ljl> Pft^nd ju^b ^ui^j-^4 -£ 

Jt^LsV! Cj*j >. j ^ywa.B ] ijjB * £juk j^3 ^ (n = 5)0 

- b-ijli L^A5 1 * 


! Spectrometer JsLdaJI 



JaLJoIl 


4* J> 


jj 


(Spectrometer) jUEal' e^Lc >jl 


j_uJ 


dj— >i AjMj /v 4 (* - t JSL^) 

i^- .^ i jUjjjJJ j 

jJu^WS ^ 3 jLxC 4^5 4 jJwu^4 

!-.■'■ i .i j jrk ^ i ^ . -■ 

j, i L^_ ^ 1 — « <J ^2 T ^ 


3jjj iirtliJ 1 £jJh j&-$i jUuj^4 







jjALs 4bt£ 3 ju1^jl4 


.AuuULh a AaLlLLJ* ^nL_L d£- Jv4 u-jj& mill ’ V 

cL.^ * ^oj < *1-^ ijJc l-S L x.o 1 * 

c^iln-j ” JSLLLJl Lo_S " 1 ' a n 4Ujlaj» * ^ \ a^'L^Ti 

4jL^JI J^=J j^Ali 1 ^Ac. S-^kLAJI ^ .ij JiJLLd 

£jll l A*- . : I N 1 JUaLu V I — tjSLuj.il] 1 4«J^ JJ J t C_£: 1 Mi ^'ji-JLJUtxJl 

( yjuu L4 Jl£ dJjl^L* iJjSLj ij_j] J£ 2 jluj 1 *j’ ^*^^5 * Jj^uU. 1 

A^uViV!* Jj 4JU LlUaJ Aatyi^ 4Jjlj-*4 >JU£-3 

LLu-LsJ' d ^Jjuutll Au3 Lt* Sj^J I^J_4 JS 

kJ l£. (Ajj lIUjuj iAjuujlI^ 2>^ii i^j 3^jL5t^4 ^jSL^j 

* ■ rf-lt** 

;*j 1 Mi fij Lu J Al L>- Ljpj Ij J ij j£i ^jlli 1 J £ J. J IIJaI ! jl j^JU |_£ Lisa V I 2 Llu 1j_U 

M <^.i.4 ji *>4-Iy<L4 JijtsVl ^v4 iJ^SuhJ ^jjl uku-a]l - 

, jUU-Uiil t rt-iMMj (jjAJ L^JI^ u I rtiU^ A j J ^jjSLj 

UOJLioJ' J4.I. dj Lu_>J_I,l J* CJ.S.SjJeI] Jjys i fj 4 jJ-L_ byjJJ jJjJ* t^eukj* L 4 1 “ 

* * 

L-tlJs ^j4.cwJ 4 Jj ^v4 SjUll CMjLlfl {jUj.lij ^\jL ^3 luuJt t-dja] I " 





^ LjyjJ ' ^UiaSfi ^ wjLyJ ' Jl ^ M > i - UjJysfcf i < cLjJ ^ dJl ,^ St * Jua * *CiJUJ 1 3 jL>jJi 

AjUVaI 1 JljtaVI cLiis-f -t^i»\| j dCi^k jlx. JSL^ c^k jA <1j 1 t i \j^r JL^tf 

JlaLsVl L^ii^i jjt So^ai,! Jljta^M «dJLJLjtj Jju jjts^fsil c^^aiJ j^LuA.^ t. djo.ll ^k 

(^ - * l ) JSw * i ' 1 JSLi ) J ^ 1 i-liLsjjVl ^ Uk;i ^k 4 jl> jil 

JL^j* .Absorption Spectra ^UaJusVi iJajSaJ* laA 
j»ll3 UjU SuV%^ j <_fijJ^’ j-** ~ : ^ j i^t-^ f^k Fraunhofer j ^ j & **j ^ 

. ^JLc. Jj JUL^Jl A ^ JjJ^jU * j-^ tf? _1 Jj^ 1 j? l_jJa ujJLJ^ \J ' ^ '*•' A^ 



X -Rays A^Aj^jt ajtAV i 


^SUdUytll 4 ** u*iVt Ld 

-13 -8 

.(10 m ,10 m ^ti Ld ) i^Ljjud J^f- d x i a j stdM j j^S d±£ l 

, 4 £ lia_h 4 jJl £ ^*gk ^LltUi Lal ^ SjLuJa dJJ*z i iiAjg ll ^5 SjLu.SU 4 - L ^-^ l ! JAJ jia 

Lji-iACi ; Lf i \ £ ~ |1 - 1 . ^ \ d jju ^U Li i-4 . j .... & tRontgen ^j^jjjj l^luu^i j ^ 


- ' SjlAS'I ' 4 jjj ! 




. LsLu. jS' 1 <31 jJ±\ ^JLc. 3jju^ 3jjl£ Jj - 
*Cu1jLiJ< ^JLc. 3 jju £ SjjlI CUi - 










tUj Jij ' 3UJLpV 1 J- — I iOu 1 cUJ4JflJl AaJ^a 




*2uiLu^Jj - 


^ 1 Ju>tj-Cdj Li A ‘ ' / f rl U dJLjLU Vi ^JLC J[ J ^ 

jfififiHHHCoolidge 


l_£ j^Jl CLLtfjJ&JVf dLl^Tl ^n^e-uiJ JuJL 

■_ ^ . .i-7.Ci kl*ju> * jLrti 1 j-j-jLi lL_5c1' 

^k. L^yjuL* ■ i.i * ^jj ' jl> 

* jl^J^ 4k^dl C£J 

^v4 ) 1_£ (jJU CljUflyJSLN* 1^-lL^uaj U4JUC 

4jlu ' ij' L*U£ ll^ 

• (M O' -1) JSLi£j 



JuJi_J ^jjj£ 


* A /m-^I 4 * VI 4 l-iFr*) 


JfdLsVl ^v4 L^ild^SU Jj L* l^Ju± Jya ^cLujuuJ * 1 4UL_lW* Jvd 4_4^ Jjd^uli 

i(M 0 * _ *0 J5L£ u£j*a tj-4 i-iaJc aiJIiJl i 

^) 4_^>l! Ji^vi jj- 4^ Continuous Spectrum <_ojJb -\ 

*<_£ Jl^jl SjLg >AJUi jJlil! ^ (4ljL3L4 

3jII j^nlsJi u^ 3^ju^ JjUj Line Spectrum l^L= - 4: 

.^uJuUjJl 4jLti%U LuJj uaji^JU 


- 4_i Cl i, ti T I A *--^ V < ljU^ j-tui <a i 


I uiuixJl -1 

31^! ^j_4 t__‘lj JL^Ld ^j*jytSUV^ - a - tSa ‘ ^ I ii _ y^>^ -- * L_dJL^Jl 


gjttttf tttin JuaU ^ Ljy-tiill 






w wj J UmJ ' J c ^UJkid 


ajJUJl 305 - 31 ! 


4 

r« 

j 


>^l , rt.hll 


1 a.nAv* 


OJL- 4 ^ ^miXj lIjL^ < l_£ JL^Jl 3-iL* 

<JLbt«^ jjLij jl 2 l 51 Lt 

iHib^J— i ffalj /y4 3 —^ 

SlLkl 1 k^jUt!! 

, ± j & l * J^L= 4J £l*A j JSLlI <Jk 
* 4 ji I^yu* 

^ ^ 1 ^ t ' ^ S.1 t ^ j_ .-"s h' ” ^ 

i ^JL^Vf.Ujl 1 1 £j-2 ^Jk L-oi^b 

<3 , >,-"> I itt rj^lc uk^ i ; tjSLi^ 
jjkJt _!JLaJI *»j LolSk 
p^oa ! 1 £ bulbil J^ki 1 (^JL^Jf 

■ ^ Ji kkJiitU 1 juc " T 

,jwa Htil (J SjjJLlh £ ^04.1 1 (*3-u i.uJ*) ^jjS] 4JLu^l/ ^LuiJ^- jjb.m " ^ 

0 -') 



LU I I I L 

0 /004 0.08 0,12 

(nm) 





' ^ 1 1 I 3 I “ ■ lilj ^ ^ ^ I — wJ 

i i_k Js^Jl JO L-i k ilj^ k slid jfclSUj 4 Sjm£ k lib * t Oil j^u. Lil' 2 l^jjl! ^j_lJ 

kbtai 1 j ju^u o i Scattering kJkJJu o^juu b^kLk Jkl* 

Jij^i, i\\ &\ j*\~ - .* }* vLjLii^f ^Ls-u.^^ ' jufe j 4 ‘ ijl i-UkJ * h^ ~J^i aSLd kfjtkj ^Jk. elk 

.Soft gULiiV! *i Bremstrahlung (oU >J0 gj|£]| kaLi^ ^ 

j.g tA-j 3 jU jmj 1^151^5 2*\Lz 

U*^ i 4 .C 4 U ^ OlI 1 ,Ai ff- J 5 j- -? t-5 ^,l„m. aIt 1 l< k <3 0 j JSku (^jJk. 

kHikjJu^ eliLaf^ ^vjk. L^l 5 tk JLkbj kLLj^jjSJyi 

, (lL l i-Li jl ? l 4tJLui%0 j 1 .it \ i ii-i 1 1 ^ ji.^Jll-lh-I • y 1 ^ 1 < y I ^LaJiV! ^ _L^ 



6 

|($i 3 tSnittC}lautf Y* 

w^iC-- — 




'£=r 



^vwjLuJ' JL s-aubJ i cUJh^I 




k_j ' j iLJ ' jd_u ^ j Ji li _ ? £ 43 Lj i |i ' J^jLui ^ 
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^_Ul l-^.i t -^--“-^ 4 L^J w4_*J 1 £j*jJk 4_LiJ ,hJ - j-rt- j- < #j Ij d l 3jLjVi J^y-l.i h.a 

IJlJL LfJLljJ tbiCL^ ,fJL£ * 4L4 I L^it^j-uiTl \ c <LilL= c ubb L^J b2jLj£J£^ 

ij^r J>l^a 

jJjJlJ dSjwStJjL' Jy4 Ju2JLrtl< ^JLaib JiSUtf 3jw$ 3JbL_ijJl Jj&JlI “V 

.^LauiV' 3 jlU£ ^li I jSLi* Jiaa) 1 1 jlA l^UIoIxs *^>jJi>t! 


J!M-> ^_4 4l* e>^ £jJ*u * jl> Jj J>^ A yi 3 jlA J^ij L^juc - a 

j ^ V - ,j '■ T 4 3j I ^j_^-l_s £• 'l i. .-7 y I i j t £ b ^ j jtajJ ^Ljl-lI 3j xsus ;v i ^ ■ tl 4 jl_^ 1 3ijd' 

b^LsUjV 1 4xl44l 

^b 5>3 Jju aiij L^jL* J5V1 mII r,fk>*A jj^JuJ 1 cUjjlJ 3ir.ui tb * ^ 

L^J ^ ^ i - ^ jN 1 * ^ vy .' '■ .1- \ I 3_2JiJLjL 4 ^ ^ jiu2 ^3 L^J L J 

4 t £ i JV>7 j idj <Lul 3 jLj^' ^j| j) 1 i fiX 3jLaJb L±: JjiJ 5 t £^3^^ u * J" 


Jl bl-iUitf b>xLJl j.4 ^ Lu^U U Lj. 7. 5 1U l m - ^I]i blljaJ t ti I ti .i - H * 

2^4 jLLia L^jLs 


jJ^dJI OLLuI^i 


3juJL£. 'bid * jbiJJ 1 LJL> 

i_i: _** -_: g ^-L^f - f m-^V i-i ■ * ^ j T 1 AjLJ^II 4LdEaji If ^ _U L 1 4. j j 1 1 i .i-l.^ Tl 

4JLa*^ 2bu5is Cj^L.%.,^ 4^ilJ >S>^ iJ* (jSblJ J^vJlIII 

jjjJJ 1 3^^^' ditlA; JjLilb i 'i .hji li T b L^ LyLi 0 < 

^^4- r ii j L 4 ^ >. iVT, dl jl£ (dllj3lI=JU tl ju^j jlI! ^jisSla L 4 33li=sJl l ^A JlsulI 

Lj ^IsluJ blLs^L^jJ 1 ^j_4 .Star War 




jJUili jjUJ' J 1 iCuJystift d.* jJjl* 4»oCJi 5 jl>-jTI 


:^t**L>il! itl ^1 ^j£ilj^>- I — | 

c 1- * 1 jjiojiJtJ I ^^xu. ^ ^ it 1 ^1 . ^ i 0... i 1 1 d_ *. ^ A ^ |A 1- j fi^ V | j i ^ 1 1 

SjLiluJl L_£^LL^^1 d^cJUJ £ J jL-uilJ ' . 3 J J_ll2lJ I iSL_} ' " ■!> 4bx l, :LXjjili* ^1 jL> 

d>^A « i j H ^ djLii^l £Jl^1 4JU Jull^J 1 


S^j_iirtJl pLi_i_L iLLLx^.Ui 1 Jyj di- ri Vi ^ jui dlAdtj Lx J£ dJu^l^Jt ^jLlllT^ Ja 

AjlllJ 1 £*»£ Ls^LLa* kiJLui . ^jJLll ^j-L .■ .-^ L j « ju_c xLLl-L 1 1 LSjj ^Juii jlaLjlJ 

LIaj' <jJLLfeo . A-* > -i Tl ^jj^d ax i i_lxIjj_) dju. fc ^u^_fl a l . ii Ti ± jU - 4 a % .. ' i .» T i ^ j l_£ ^LL-sl^I 

jVjJJi cl ^J, 1 fq.ni j*teJ^ J^a-u ^lC- ,j \ rt.i 1 1 ^*4 JS ^>4 jL-uil 1 jJ^Jk u£^A a 

ijlfi iiilju .f, i ^£= l±± ^Un i^i ^3^^ ' j ■ - "* i Sj^u^f 1 J-» ■ n-3 (J-lII 

BjlmulII L^jbj ^ .-i ^ ^ uj LdA_ i — ~*~ • ^ i- j. ^ V ^ j i ^Ui *j_ . .mV I 

^>1 ^lulu . 1 ££lli ^J 1 JulC, jLuil 1 H 

7|T 

r^ 1 .(’Ltail X — ) ^db-nd XjUT-^ '$Ls ■■,£ tfJUkb 

A 

* Pi tine linage <<ij aj ^ ia t i ^j .^c \ Lx ^ a i m u <_Js % 17 ■v S.^ iLxili 

^jA CjJ^ i^Juiy $Jb 4JJ) 7 1 li 4 J4 ju-5 ,j^ tUJlC Lx ,jlJ| ilUi (Jc 

-cj l^ h ^L^j. 4 L^JU^tj 


_ ^Jk, - Gabor 1 ^LaIi ^>1!* S^iA 

4jLii! ^ LjcJLllIj iAjLiiVI L^drt^tLLul^ «JlLx^ixll J>-x jlA* Lx ^Jr. J^u^ti! 

t Reference Beam l wAj L^J 

dLal_^>-^. 1 — 1 ^ 1 J jtl^UJ-JtJ I cfJ^taJd I d _,T_- 7 L Vi ^4 d-A f I Sf I ^ A- I v: 4 d-*- * ^ 

Ji-'juj* SyfcUa dLJjJ 4^JCu JUil clAU' 

3jjVi,a AdSfejUjl L_;uiik j).^tA'! jdJUMU -1_AJ0 .4 . a nV 1 

j>~* b ^-Li a j L^J j jdJ d-%. i j ^ \ \?r ^ djLb ^Iloloiiiam L^ju4 1 “ 1 ^ ^ 

n Ld Lqj dJjLi-X a j 13^ ^ t H j & 

kLGiJji ^>^5 ;ju^x >! je^t^u-tb V 1 illij ^AAbL^fcd JiSLuj V .lUL^jui ijgi 

4iA I E a a 4 4^=U^jJl4 







: i„ Jh.t t ^3 — w 

Retina ^ jgg til l 

j.-A. .-■ <1 j ^jjl? * ', ;Li^ij LjLjl^i - ^ \ <■ ■ ^ i T Ll^> 

L^Juia ; _ <r S . ^ j£ ; * Jl c l j_^' 

^jO 1 l 4 - 1 a JL.^ ^ * V \ 1 ^ U .--A t * cl 

Jj j ^ <1 ^.II Jl£ 4 c j * <j * L_js_^ ^/I aI 

. jt is* *VI ^aCj /ult ^Li 

4jl S J— 4 Vi '4$\ st) I t£)j<Jpj (tw lild 

pUtili 2 ulWc. clj_^l JijSi L^-g-^Lg 

4Ldja iU 1 1 1 ml ) I cljp^l 1 - j— 

Hi 0 L^J-ii dJlWa]! 3.AA OjLS 3 . L^jjafal- 

Jll' j>4^' i> c* Vj 
Zti$S' ^ ^?jjtl' I ^1 ^ ji*-Wi 

ftyj ( \ ^ - V) JS-^r ^btltVl 4xU-si i U 


^jjutJl ijLuijt jjjJJ! <ULcti^ ^*4 4 jyL®j i 4 j*^ uj^^ i A. a .> * ujutjLJ I ^^4 

(^Lajl iaAV 4_jjt>se)l StiHaJl L t43ja i l jLiiiuVU c^sdi L^ [ 

. 4 Jl>U: ^ 4 jSiAJt Jlw^iul ^4 JjuJl ^uLa^ ^jj dUju ^btU^ k 


ffiu i j id]' >jl>-J^j LaJS ^ ^Jjl BjJlU 1 jHiiJ ^jaUi ^ 

* ^ \ T — V^i JiSLu SjlLsuJ' ^.t-^jQ-uJ LLLjjUO i jJj2j(J| j- - ^ ^ < :^L?" 


iL^LUj I ^^/Lsdla lV-^7J1 U^UJV! ^4 j^l j L>A« u’ 3)^^! 

- Endoscopes 



ip^* 

M 


' 3, 



^ -* 1 J ■^ | Jb*fl c ^ wu Jut* 4^jjUJ' 3 jl> jJi 



LiUJ^U 4-juxil CiVLu^jVI ^3 “ •> 

♦ClG^AxJLJ* vL^UlSJ Jj J u£ Cl>VLajVt ^k 

*5iiii jJI 4£.IL^J ! ^ 

?E_Jj IjWuxJl <\ M JL» V^-jJ Jp^-^ f l L '.V l — “ y-\ I 

4-jL-Sit^ JjC ill* Precision Guidance 2-JU: u, L t 

XADAR (Laser Radar) j\jJJI Smart Bombs 

(CDs ^jl-^ ! I ^ic. d.’r"*'' f "~ J ^ 

(Jij ^k Jj— d J^mA ^jLm^UmJ^mJLiJ^ <— ■ *— >* Jj— . jJJl 4-JU^lLz “ J 

5^L4 Drum rjj jj^ju^SH^ ^ dLajUIl 

lV.L, i< ^±>^b tCL 1 - (<j * j-^- r^.U ^ulxL^^> 

* Toner 


dl^LLoI' jyJbtJ Surveying jLuii -k 










i u- a 1 Jy - i yi L^JLSIjI Jlc. c j 'lH * 3jJl1| £■ Ls_i_l 1 ^ - ^ 11 1 

Ji-jG Giajja I^IGJG 3^^ cL^u* asj JS ^ 


<Lf di I ^tJLlj 3jLtli 3jjJl ^La^j ^c^ttajl 

4J ^i) KjI> 4lL> ^k GlLijIi.^ 3uL^Ji ^k * L^jjLj^ ■ ^ »F i Gl3iLs 

* (jS-S^J-JI 0 j^caJt |^yj ^ 1 

I J^dJ l y\jL^L jjJj LdA # 

ncLGllI • ^ 

* 4JlJ^jG^J 1 2uJ^fc]l ^jl^J -v 
.GlLj^iiiJt lajl^ -T 


+ ^L3Li4i^l jJ&jJQ 6JlA “ £ 

J-4^ AJjiaJ * 

4[ jj^SjLlf ;jISLlj.^J1 *^k a JlaGil J^jusa^jl -1 

..ijeiudi GjbuGVL 3jlU< tlljjJl > SiGaJl -V 

l_2*£lL_uI. 1 GjtauGVL jaikajll l tu3ejG2J "t 

dj-L-uL-uVl jr ‘ ^ LLaJ I 4 

: S^u^Luil j^aLUt j3^ ^1 j4^1i 

JUiJi tpUl - A 

* 3j? UaJ 1 j JLl£3_4 “ V 






j^jLi ^4 IajlLs* l^ 1 2jLt£. 4 ^_a jL*JJi la-uj^tj .2uJLLh L^jjolh _u>i 4 A 

1,10 ^ » ' “ ■ j ^jui 1 & > ^skjS 1 

j^jJJI "1 rt i «lVI % 

■ ^LjlAm j^iji^ * ti Jbt,4 ^ 

* jialll Jalsa ^uSLulJi ^yit- JU wUl JL^.4 " V 

.C:VL^Vi Jb^a ^ - .T 
Jbt-4 ^ - t 
*4JjhCf I ^9 "£ 

Jc. Ji^Ul -- 
■ j_^U( iuliaJl -V 
*4j^liJU jJ^jAII ^ 

.2*^1 , »|l JL^^J -A 

.chliAh iJliLstji *) < 




jiai aiWi 

J5 JllJuScJ i “ -,>- *>■ Jjfl i ~ ^ -i-t >?t t ^LaLil^l A JjU ^JjLS“ V 

< 1 i/i li ui v 0 1,^ ^ > ^ 

jj^ajLuiJfcl * <*jl^ ^ya Sjuu ^bdl c^bsJI J-yui -T 

jJdU 1 J*£. i_Lt>d Jjua,iu)b jjliU - t 
- JljUI IuWi tj_< J£J I La -C 

5 fbttii gjLlij 4^3 44 ill jfljJ 1 U “" 

4 i ^jii be ^ * ■ ■ ■ l j - '* ^u4 LjuC. 1 J t’b ^>4 [&£ ^ ^ L g V -'L~j_ *s- \ ^£_ j. j~ \. Ul 3^i. - V 

5 j*u^ biJI 

SjjJlU* ^Ulu Jls^ Ja.j-i jS jUi? 1 j j^O i *1 jUbb-l (44 ^jfbJ ^ ;_Jl£ “ A 

^J^ju " jJJ ^ jJ^U 1 juJjj ^ J j^.i.f. 4 j ^jJ 1 j^JJ 1 ^ U -°\ 

^ 44A-J 1 jjJit jW^ - ijfi jjJlUi ^Utti juJ^j j Jw^ ji s tU ^joj. ' ■ y * 

, jjjiJJt -SbuV! jjfyistN 4jlU£. fuli uJjlS Jjua.it.lJL4 £jJll * 1 1 

« JLrtI * liiA 4 j Le I Ji*tj_LJL * Jl^ 1 ^jltSLj . JLst_e tjjuS jjjJJI >■ \st a * uj “\V 

^Uil ^\ .ajUjLsJl L^bSjutaaJl ^ tl ^ VLjl 3 Ije^ jjuill l_ijlL' - IT 

’jiA ^*5 jJjlUI 1^ JitljLdJ 










tftffiWii ^ jlv yuit piuri j+a* 


P> IjAJj V 1 ,^ 1 A A* J i-A ah lo^j L i*_uJl 

|JaUl y-4 Lk^JLil | jUj^-Ti m It jL«-iVf| l^CI I j jfcl 1 yj^-dlft j Jjuj JyaLilTJ ia cCjLx> 

JAj iZiVLi^ajiVl^ ^ JSL^Ji jM gjjl ^U. LLfrhl* o^u 

u I ujLu) 1 Lbta4^ L*jI Jj i<jUUi jl 4 x_a jJJI jl uLi^UIt 

biid ^^QoLuVIj 4l7-^I)t |>^dOJ Ltjjj tlfcii y! ^OJ 3^_S .d "-'l . A'l jl_xj %1± 

4+.t\lXl Ita tl jjLst# ♦ j ji JL» ^j^lJ^ih fTlj 

_k^1j J Ian -4 V .^hiUl JJA IfJ Ll^UjJ^Xiyi jU idJL^l ij-snJ * J!ll|Uill jl 

l^Xtyi u-»IjJSm ^4 It ju i b^5> Ijj3 wUj^juIiiyi wtjJGj Vi 3 Lu*)I CiVLst* 

{j£r ujL-*jk_U In 1 1 i 4 jjJl- 5 Jl t n V> ^4 jml <y4$ <jJ) 

1 c yrtirt jlS L444 


I A I it 1 1 i W *U£i 


aJL 1 Jv* i'^ll ^*4 JUP*£J 

, Semiconductors aL-iiij Insulators Jj^*Ju Conductors 

- C. 1 .L.M W j * 1 <u^i^SL! 1 V ^-JJi 1 •Jj'jjlI* 

aj^jL^th 4 -fcj;Jr jlJjjU «ulk ^3 JMtJ 1 Jl Ij jULi*J ..J 1 * 4 tl^jN >4 ^yi i ^_l V^-J- «*I 1 jLul* 

■ Cj j? ^ v n ' 1 u-*i) 





* * 


0 


# 


** V Mil 

») 


j 1 


Ji-Ja * 4 }^ SJl d. 4 ^ 1 1 jjjCjLbL.j-it* 

3j^JL l L _'pSU $ i-i'ii ^ j*V ^ ^ -4 \ a ' -a jjSj> 1 

l^jlflj vi A^Sjdi^ b dj 1 j 2 ^4 jjSuU ^ ^jSjJjL^iJl 

^pS r i.£ <_,jJLJjJ t _ r di Oj^JuJ^) 4 .i»4»^ L^luJ 

4-juj^ ^k. jw— ^jSoJjyaJI 3 jj-5 .(3jl, 4L*JI aJLsd! 

* 0 — A ^C d > - jLjstl I *j- •''■-^ h t_i \ j o jwJSfcJ J 

* l^jl^JLd^ ^4 vldji i±Jji £4 J5 ^jLkS 

ilUju^ * Outer Shell 3 u_^jUt]i 5j^Jr^ JkS 2 Jijujtj 

* <MjL 4J (j _^Lkl o&k-u* £j— JXJ 1 ^ j I ^ fSjM afag h 

^jJd UlA j— 1 1 "' 4 JljV^ * ^LJ i 1Y — A JX i - t^l— /'ll — \ ^ L ; j l A 

^^JiljmA - A. \ 1 i i T J t : \ . vl .'- r ri \ ' n, J^l ^ 4 j_} 1 * ^^XjJjLj-iiJ ^ l : Lj ijv-jXJ ^ ^vLC-JJ 

4^3 kflXUi Jj 4 ^ Lift ^Jl j*j .ajjtf* UXi yia iTightly Bound SJLik 

♦ ajujuJ! jjji rfSjusJ’ 4^5 4?>> 1^)5 Valence Electrons 

SjjlJt 4^5 dl^jAl! Jjjy la4UjJ! JijSli (->4 - A J£_i) dljk-j.5 

S J’ j-stl* ^TJ- £k£jL? 4 j* V) .yjijd’ JjpL tlilitfjJKJj ilLsdl j k 

■ 5 ^ Vgt^jlaj "ft Bonds jjJSuJ 

ale, ^w*ju Broken Bond oj^uSH! 4*5 UljU* UIXj <JLa 


* o > 




* ® • 


^ flj>b 


3j j J-u*i jXa- v (dJ^Uilfl ^Jjljj!) 

+14e dA^-^i a k jy) 

+4c 4 oj- (- 1 4c <u)U 

w *i O L> »ySi] 4jyji 4 j Isa^j 

4e dJLi kuAjj dA^jLaJ^ 


J4 dJjLuiJJ 3j j JS 




- JJL«j JjLa clljJf *£a->L ^oju SjjJ* jjj^^JSJ) 

^ ^ j 1 L* qL c- j-l* jV Lj^jI jl?'! "" V '" ^ ^ ^j^f 1 w . ^ - ■■- > V Lji .L^ ^ ^ J f 

LaS AtaLiJU ijjJ* .3-j^J 1 wU*jJ 1JY+ J>-4 Jw4 L«1 , j±-\ La #jJU] 


. iji*^ Jiaj'j i^ral 1 JiljjU iCJIS 



^ W jj ‘-v— * h'j*l » ^>0 ^ 43^ 4^ ^ 


5J£. Jji £L£,1^4 £> Jjtt^SJV* ±JjL Jlj Ui£* 

JiU J l JiLij V* .^dllf tj jSLlLUjJ 1 AIL?- Jilj^LaJ 1 J JUL ^jLl-*j 1 <u_j L j» ^JSJV 1 
Dynamic Equilibrium J** aJL-5* > 

^iaji^J* Jy* SLU> 5u**j Vi j..^£oV i] .Thermal Equilibrium Ji)jVi 

ftlj JOi J** SujUUi ^ J JLC ^'*U-Jj L^-J* 

JSJ ' * > 1 y ^ f I a jj-ftS 1 ^ba^JSJV 1 ^w* LZ*jIj J-uL wli-b AjL^U* ^ ' ■ 1 1 * A-^jUJ 1 

. ^U 1 wLa^JiJV 1 Jy* «2*JU1* J— aJ .>>?5Jl sliUajJSJ^Tl JtLi <lLfji ^JuL a 

■rLl^tj *h.- Uh .L.^ji i 4«b j ■ U.^ JSJ* ■" v <■ r. j V w «*bc 

aJ Lj* - ^j£4 r ^ — ? y-..> jji Ajjjijtj- Adtla >j jM-*^ ^hJu^ Lg 1 1 ^^, 0 1 _l^ ^J l a*-xi ’ * % _ -S’ 

. a» aj j 1 ^ 2^lLa JSLA ^_Jal kilL^Ji Recombination aLu'^J 1 ^LLJ 1 





. { t “ ^ 0 JjSLtJ. ) Idy ! 4 ^il y i ij^ I, ni, i 1 I ^ jjdJ I Jbu* 5 yl f U wli 4 yiSLt^ I 




/ 


U. 


J^j's^J' j*J Lu 1 oAii AJciJ 1 jJjjtJu 





UjLj 3jJs) I i^JJJt-±J< i £j-%Jt 



i^sj 1 aj J** { - ^ ^iS3 ciisciJi 4^ jS' 




iDoping (-jjt^ji fiwuOarjt 


^ JJ JLjjJ 1 I^jULlj. L-ii-^tJ t :>LjJ iil jJLAjCJ 

U 5 Jmpurities 

Jyd kj j5_L.Lt ljjJ 1 y 1 ^,i , ^ 4 .Sjij jbiJ 

(jLf iailjJ' 

<j-4 Sb 4^ P j jJli-l jJiil JLa 

JiL>j <OLu Jy^ ( Pentavalent 



(iUiL-alitJ 1 4£.£Arti 1 ) 3j^ 

jj^- , ' , ‘ ■■ 3j j Jjc_h 3 JjcJ 


< {Vo — A JSLil) ^SoJL^ tjl^4 ^u.jLtijJ 1 ojjJ* 
fjji\ Jajl 1 ( 3j!s J^Ls^i \jl± 











' A \ ^jj 4 . ^ iSLU^Lj-LiJ 1 *3-! ^ JJ- A 1 ClijLCi 

ILwui*- ^k- ^ujL!lJI 5 jjJ< ^a .jI 

J^LJ' AjJ' L^jl.4 4jUj^ 4jL£ w^LjAjk-iSLJl 

^X>P ^>5 u$53j .laiU^JI jAa £jL~- _l>!o <jjjJ£i] 
UjL^j ^LulAtl g . jJiflJ L4 ^jLg j^j-iJi <UL!j.Jr 4jdn 

JnL^cJ 1 1 -Jui -*j tia J ^ » L-UC^ 4—4 Li 4J 1 ^ ^ i..j.^ 'A 


gjjuLJ! jji j ^ 1 *3j_gtP I ^w4 gjaJLJI 

i>- J^X!) j*#iu±U± JiiUj mLJ) , - |, ^ j 2*5 jlL *a-A L^J 




4^LU> 3j3 JaIa: J&Af < JkuJ JpJJ P gjjJLj ^LoLlLJM gjjjt gJLi ^jjLa ^4-J-u-!A «<-jU Ift/i.t^ 

^U j' 1 ^-iLjijaSJl 4iu4^ Aj lilft: 4 5c i3jL**X£ * r" « i I,0<I h : r^ArtAi* 

' ' " ' £■)■ -4. y—4 Cjug* c' y* ^J^-^ja . JJ 0I101 

‘■A i Tl j d. h ij i -v ,':. T( 4^T^_4 = iX ' A i l “* j /■■ 1 1 

(A-') 


n = p + Np 


< 



f ^ 


{ 0 ) 


jj^lLlu 3 j 3 Jjw Jati (aULilf Aiii4Jt4 0 ijj# 3jj 


4 jJ^iJL_L ^ 4-^ <1 j /.d ? I i j L i 4_J ' ^VJ JuA N1 j j l L . 

LS^ 1 ±£ p A C^w^rJ ^ u J Li A jwj!SLi^i 1 4-A n a 

El dJLsJ’ £JL± <Lj* ?T i 1 fftj Jv4A 

(jjSL»J 1 ja ,n~type £-^3 ^j-4 s^Lli ^jla p ^_%a 
aj - i_r j B A 1 t i^j 

J jkjJ 1 ^v4 Vju ( 4 UUJI ic^-ATt I ') 

i'i_/'.tl 3j > l ., ^ ., X i 1 \.£* i ("V — A J£LA) *j-t.£r & 
iaJ'flj (j-4 LjfljJcSJ) 4 jMXJ’ JjLjcjJSLW^ <J_iI3 

4j^ji Lb_s J l£_ ^ 7 1 1 1 Aj^iU. J<t h 

di1j2 l aiA_juaJ ttlLJjJ A ^ l ""J ^A-Soil—^L 

JaJy CjLiij ^JtJl 

*C;& i£j'y*^ u 1 ^ 1 

(A-t) 


p - N- + n 

K A 


i jJiL-tJ I £ jij£ v^£ tl p J i j4_jJ L j_j, T H v-i 1 ^ y/".. ^ \ l ,'lj 4 J ' j.Jl!^jJ ^ 1 ^ . ._^.. 1 -.? 

_l^ej ^jl<^ , Acceptor ^U/i" j M 1 1 ZjjLft ^jla 1J-X4 












#• <> <•> 


5^> >2i? 4cLl: .t^skJJ 1 


<J(X?tji vJ_ LJ ' C_jC Jp. 4_' L ;S,-iJ , Jx^cjU 

' ■"^ * 1 'CJ uUijjSJj 4;’ laASj +3c 
ij3t£ ~^£ji j^SaLj £jj ^vc Ij^iZJj ajjJl 


n P- nf 


(A-r) 


4^ *i CllGd^jKJVl )_Jl£,vJ Dj Jl JL> 


pji-^^ j 1 n i ijslj 4jt Ti ^ aC h U . .. N 2 lJL> 

Mass Ac- 4lISJl J« l5 1 V ^ t^ jdSLaJ lfj 

iJ^j wo>djJ 1 Jjlu .4 4 -ic jSUj* .tion Law 


n - Nq 


P = n i 2 /N£ 


P = N* 


n = n- 2 /N^ 


n - type ^ 

(A-t) 

(A - o) 

p - type alb- 

(A-1) 

(A-V) 


i Electronic Components and Devices a a jjlsjyi .um ■ mi jS njcti 


a Lg-iic. clljJl CIjI j_># jA Devices 3311*111 

L ^u 5 R ^ualHl JLa Staled 33G>Hl cjufc ^5U . (V - A J£A) 4ju ?> Sdyi 
jjlutjpi >Ui 5 pn-junction ajuUill iUs^li Jia ijjwju ^ l^ju« .C . ^.tcti^ 

laiLua . - jjf.y Xa3Lp jLa) a ./i./i .LajLu LaS . tLeJalu TranSlStOV 

iajLuJl Ak- t ^~i a ^ V- ^lll o i i • ‘ y ' J '. l ' j '• t 'i "2l6 p ^ J jUljJ 1 ;• ^5 ^5k ■ 1 1 

I dl*Llf' a t-r»-3^» tl a 5jl^_st! i a a ,Ji_a <dLaA_rtI I J a t \ ■% 1 1 I * * 1 - ■ t- 1 u-feJ 

Jm_ ^ f j-S Sensors s <■ ^ ^ ^ « \ & j \. ^ * ^jL [ <4 0 

il laJLlaJ! ia£LciJ( c^laJ! SjliI 1 .J^sI^jl!! 

* o j;j All ^ 4pi.ji4.jiSJ 1 













<Co _L>J > ' 


J ) 


4Cu Jysj * c U^aJ' ^ 5u Jui* 


<UjQ!M 3 jl> jJi 



ipn Junction Lull Sklto^t 


pn Junction 2 jGLiiJ' 31^ 

£ £jJ' 1 l±JL^-' ^j «4 (^ “ ^ lJSLuJ 

*ja ^1* < p-type ^ >>%<* n-type 

Cj^ - p-type AJUJi 

iiJl!j-Sa 4 Jxli L^j \-lS\1 j’ n-type aJiLaJ * Ji - jLn 

jJJl p-type a&sI* jAl u ^JLsJ' 3 j£^i d4i n-type ^ ^U*^£3V* 

^J| p ^ya i j **£ JJ jLA-jl) 1 jLJU! C*1ulJ Aj l.‘ ^ ■ J U ^.^- l 1 1 

^.Ui J? CjjLS 11^ * p 4jiisur4 n ^jA ju jLxj ^ n 

CjJL?" ^lil kdjjtsjL^ L _J^s ^jr^- ^ 1 ^ J “ tt t 1 ij- fe/fd l > j ^jL_**- xL f k ‘ILs fc j."jj.t I ^JaL*J i-W 1 4J ) *1% la £JL^ 




p n jiizi 


Jvc n-type ^-^.tii j ^ hj-^± 

^jaa Jv£ 1 kA£j 4V 1 4 jL^X 

^ L&llLaJ cli^L 

l azAS 4ji_ii ^ p-type BLitala ^\a 

Jv4 L^JjsUj git ^ c . SuJLuJl CjU^jVi JU 

^Vfl a aJI i- ^.u . j ifijy /x. > "-i^-'v— Alt 

l^J Cjl^cid'd Cl'G^jaSJVl 
^jJLi-u 4 jl>I 3 

5 0 .Transition Region ^LaL_iJ> 2_^U i 


n J) P ^ 


Ldij (Depletion Region at-Uli aitxUi 


CjU^jVI ^ Stall 1 £.Il£ 

jVjLi ^ i-^-Li li'jd aJLoJi iliLiJiJVI / Jj 

^ (Drift Current UjU^i IjUj ^umS) 

a} jb . jt/‘ik J'Vl jLaj I lwSx. 

cLscBV 1 jUJU* ^Uj^i iLs&JV* ji jUJJi 
ISIjSi . (^ — A h J|SLl1 ) 1 ^ ii 1 ^ 4iJLx I <j£j1 ^ 1 r<C ^ H 
p L-k^jUl J;j-£j Jlxszj Li_l>jLj5- 1 ^ 1 ■ ^_iUk 

11 L-SjtaJu) ajjlW-iU < j^Uk-tb \j_j .^_"_ j 

^jLrti 1 ijt-f (jjjHajiA] u-JLhuJ 1 i_k^XaJL i NL ---^- r-r ^ 
a! -v" I ^ k i„^ f, ^J>^d Vta-jfrJ I ^j-C 








1 aLae] 1 li ■ .Xf 1 jt Ld .d-a-<..l-r-La AjJLiljV 1 4dLaiHt ^^Li-l-dt JLrtl ' 

(Forward ^yiL^i) J$Vi sLs^V* ^ <d' SSi .aLadV< ^ C-CjSa ^jjJLrtl i 
Forward Connection ^Ld 2dL*J' QJiM JjU-^3 4-JJ' (jjSLjf . jLb jdjMiJ 



^ J U’ ^jLs- JL^ 


JSLu.) 2UjlLa-JJ t-JL-uJl i J \\. Ilfl \\ u+JLi p cIulT- 

n* wJUJi l! p ui^ Reverse Bias w ^£*jt U' 0* - a 

_£J d j^lliJl 4bsa ijM - (^ \ - A JSbi) 4jjLta iit *>b^ ~ 4 







A 
















:? 4 








V 
















■£ 









_y 




4J*MV 

l^y 




4juLLiJl ALjjJ 1 J-u-J il?' 


* ^ LjJjJij ci^ { 4_liV^, r.rj jUuJ 1 

^Lloli jjSj S,La jJ' . ( ^ Y - A J£-ii) 

^uiSjdl £bt]Vl ^v$U^n dbcj^^ .^k Lllit-i 

<lubi]' 4 L 2 iJ 1 _iSbJ^ ^jSuAJ ^ r* — A n7 ^ 

^k ’JL> bj^JL^ jh*z u' *J ijlj-4^ ^IJjJt^b 

tjjzt .^uiSaJ 1 sLstj-^ 1 ^ ^ JL^ *uJLc idJ iL^a^ cL^Z i 


-J^-J 1 ^Uijt J^.flitl 

^ Ju ^ aI 1 ^ jUU *5 


ijuMl y jLjljJi ( J_a j j- 4j ^jiJl ^ tl 2L4iUIl L^bb < dJLuJfeJ 





^t) Rectification jLlUi aAjul ^ J3 j iiSLUJi 

a 3jL_i ^uJ ' AjUjLL^ i ^Js >■ i. ~ ^ L* iA* jL?ej* ljr ± 4lm_^ 

jij 1 ,! a 19 fiJjuLAA 4JLu^ ± i-* > .. * AiA> * Mobile w ^4jrtl j Jja^jlIAi 

. (u - a JU) DC j.4l^4 jtu J[ AC jUJ> - Diode 



CjLJjj j*^) oiiu. wtii* k^iuU' jUi *UjV> ^ 



(^LlIJi Jtfjj V) L> iLi.4 L> LH* 4 ^j1_lU > 4lk»* jJ' + T< jLxLVi _^ji 







*Cu i chjbJoJ i ^ X*Juia 




Electronic Tuning 

4 La£t -4 j! t i^a ) 

,kv*-Tl «_L> b_ilU i_klL£l^ ribfljui U i. , ..V ^Ujfej i 4ljuXjd 


■_' ^i--^ l. 1 1 JSJjJ ^^Li-ilJ! jj! 

w l^ '-'j L_ r 4 Jui!t «■ ■ 1 ^ J *' L ■ 4 -,jJ; 

4ajl 5 >uiu ^ .Resonance 


P <±k.r 1 fliJULui 






4 lL>- ^ j^IjlIi 4 ^u.> L> ^Ijl 3 ^L^Ij t IilSUi 
1 3 iu^ LiJl 4 alalJLl -^- 3 r -j "^ c 

ijla * j “ ^* { r® — a jc. ^ j_ji i . j. . -r n j 

^5 Ijjl \j ^bCi IjL^ 3 jLj .,1 ^ J> 1 ^ 

4 I 21 AJ 1 ^^3 jjlsuJ 1 ^JLifc ^ 1 At a 1 Sji^LtU^ 

Capacitor \k&j* <^t£j ^u£*)i ^3 

^Sdd 1 JL^TtM <CL«^J JkXjUL 1 <£aJ ( j£js d 

i__aJ^jJl ^ 4 j_uJ t 4 !.li* ,<Uic 



iTransistor jj |V,^ IjkjJ 1 


^ ^ A 0 ^_i 1 .■, 1 j [ _ , ",^ i ^1 

Bardeen ^Jjb ^ J£ jJ| dJute J ~- ^ \\ 

jl>>; . Brattain ^ijj* Sc hock ley 

■ - ^- --—. C .■ . j . ^ > *- . . ^ 1 i • j 1 1 ^j .4 ^ 1 r~ ***- j 

aa i i f v ' * j& * npn d pup ^vx j ^-“- ■ ^ * N j 

p L^jJj n djsl^id p (Hj 11 L&aIj p aJ&ziia Jv 4 

.('1 - '2 JS^i) n ^ 

Emitter (E) c^Ldt ^ ...•; « 


j oJu_kj b ' jbJ 1 

(jLtuuJ 1 Jyd) i^iJ 1 jJ a Aj-jb 


ijxLill Collector (C) ' i jjSWs 


i-L^-LjJd j lj? i.rf n J^C - 1 .Base (B) 


bai .Forward Biased Jju^^Itt aA_jLa' np iLadi • n P n 


aJlstM ajji jit- Reverse Biased a 1 1 »^ <*, pn adLiJi 









n I 1 4 A Jilij yl sl«A^ P JJUlLiJl ^] Tl wJLaaJ» ^jlLJI ^ 

^LJUJ ^’ 1 J J J I 3 *U^Li s ^i JM^U w f uj>JSJyi uV 

jhs iju ^b-jJSJyi *a* !> V-j f|i i : -" IdtLiH ^ ^ 4,111 Recombination 

U<3 < Ir — CX^ljj jji Ic i 4^J] L* Ijj fM ^jl U , J> jllaUt ^UjyJSJyi 

dLU yl juV t^Jt)4 IdLi^ «Ig -(1 * Ct^) Ip 

£JLflLdJl jLlJ jjJ] I jl-L) ^ g|j ifilhjJjji . B^SC CUTFSIlt dkLClH^ 


8 = k. = . ‘Me 

c I B (l-a e )l E 



(A - A) 


tl- 


C- 




pnp 


pnp ^ 




pnp jjL«3*ij5 





Gtc yl j\ L+xi c v* 5jJu£ JlLaj Mi 1 JL-f- jXkv* AJLcLaJI y* jX jSfj 

jbS ^ jj£I £j*£ki I jLij yl - ix> l j-iiS p e yli tlRDj * JT^JkuaJ' ^ 

iyji |Q < Uf j^£ ijLij lLj lit ail ^ .Current Gain jUHi Pe *!—*# 

O* y T *) signal 

»■ ' e . I. A Jl jLjj Cj>j j j£j_* 

i> l >4^ 4 >4^=4 "^i-* 

OjSjJl d.L*j .j»4 ,~»t I jt_jj 

J« f »l -V) 

Ampli- ^»S jj * -%* ■*,*■ ~^* 
< (ui t hv - a J£ji) fier 
jj * i.jjtj— jJl J« * u a i .j L_» 

.(W- to jSLi) Transistor Action 



npn 

^uo 






■ Va 


: Switch t * ii * * v 


_rtl 4 jb Uj- 


_£J Ijl 


Vcc = Vcb + IcRe 


JLi {U - A JSLi.) 
(A-M 


VcH j AjjUojJi T Vcc 

lc i *2*c4hj 1 3*^ 

4 — «j t. 4 . U Rc i ^ * jL-iJ 

lc J '3 4*1 JJu 


On^i *rb- jk £Ui%£ npn j#^»>3t 



iAJLi ^J} J^aj ^JL?- . Jtfj VcE Jk 

jLkJ iJjSLj 1 — *JLUL 0 2 V 1 — jj 

u ^ - - - 1 *i; 4 jI ji , <j * ; ^ 

i* ^jfci, i$ Input J^-hlIi 
V cc J«aJ^) it Li 1 * Outpul £*idl 

34 « i ..^jVi A 1 J5-J 


lc 


Off E^ 1 in*- -USw£ npn 'j3< 





Ijl i^JUJl ^jSu J^-C-i-u^J * jyjJ 1 

oUs ^u£ J^jJ* Ji? 
>_*_ i_£ t 3V-^ * 3^ 

* I muter n^w3 y^ * 4 In j * * ? ^ . .4 ,t,M,t a 

Lu> j-4 LlxU^ 1 lil ^1 

U>^ 1 ^ Jj-^i 

JUT iij C >*SL*JU* . '^JL^ tAJtl * ^k 
jU-I! 1 1 1 -> t i LJLlu ^ Ijiaui SocULJ* ^Jx. _L^rtl 1 
J^Sj * I^±j$ i jArtl • 1 £*-ysj * y - > l 1 

^'- I Jr j j T ■ 'Tl ■ *>A-sS 1 

. ( \A — A J&A) jLaHl V ji^ jLJl Switch 

^ 1 ^ T j juIj j y ■ ■ . j ■ | * 4_i_ilaJ& iJ Jk w ^i I T i ^ * 

. (^1^) JJJbA fl ) 





t Digital Electronics Jluj >1i DL}jj>&iyi 


ililjLi] AJULJl 4a tl CljLjLXJi 

3jLllJ dd! j^fajSjd 1 y^A* ,4J 

j3J AJU y*io SjLlLJ i \ t d ^k lIDaS* •dmXfjmgS BjLlIJ 

SuL* . d ,\ f MjJa I x3l, 4 a >^XJ I AJ'-jd' 1 jnjXdJ (Hi Aju utA^ 1. 1 %, 4 j j ■ ^ Si~ BjLlIJ 

^k ^ 11 'j 1 AJL 4 aitsl 1 •*- d j H ZjLl^l ,Jj^it_] (HjA d i-3.". ■■ n II ■_ ^ ^t^J l 

£«4 ^JtJl id Lli ^wISLhi r I Jl-i-^-i-^ AN \l^ 3j^JU3 4 Jj (HA (JUjJ^ 1 ) 

JSDa .Analog Electronics aa^Lj ^ UX ajuuuLJ! CLU-nSJi 

.Digital Electronics 3u^ CLU^jXi^l ^ua ^ cIauj- 

1 A4«JL£ ^3* JL>\j 2>0 Aii*AUv4 JjjjjJ **£ AXJj-^Sdl 3jLu.Vt ^jLS AJIa^J I £J Life 3J0 

Ijdji 1 d ^>LL4 4 1 i (J L4ji 1 ^j_l Li_l ^ Code 3 ^a_l 2 ^ L^XJ^ ( L^dJ L?- 

jl > 1 sjla cLuujJ^) 4OLIU 1 |»ttAi ft ^Jj j^4^j 2 <ajl> 1 1 2 3 ^ujd jj£. jjju oi 

l^^lSd j f j- r 

3= 1 X 2° + I X 2 1 
^ 1 ^IXL!! ^U,4 17 i .Xi LX 
17 = 7 x 10°+ 1 x 10 1 

.“. U,':-il i 5 iL>^i JjL^i ciliLi- Binary JliUl ^ILkUi ^k ijic. ,ji ^".C, dDliS 

2 J Q 

Ulc. J£ Coding ^3.. Vi pjj \ jSLia .?J| .*.2” 2 aL> 4 2 SjLi- 2^^ L&XU 

j *\-* -*J ^ j L-i'jlAj ^Jj idli^.a 1 AUjt.tjSJl ej'jLii^S ! Jj^cJ 

pb J^Ludi ui^Ji .Analog to Digital Converter 

J; j J 2^ ^ j: A 3 J d t\ I ^Jl J 3 jL_ljJ ^yt jMdXjJ 11 

Ao^c^^Lij Aau^Ji ^ u , Digital to Analog Converter 

^Sjm3fe!l Caj , viri-4 Electrical Noise T 1 4 ~* 3judt4 a^IA n 4 j>jlc. 

. LiU ^ clXjC ^jLl! l f ‘- j q i L^jU* I j J i ! li- ^-/i k_:Li^jX-^L£ . ^ : Lj jd5J >U Ajul^XaJl 

ii>>'L!i U?5 - t-g. ^ j/'i tj i^14j_1jlL' * .^jLdi^/ 1 ^>£ * 4ju^ij Au^^dLiJ 1 ^ijLLtiV^ 

■ ~ (w^>:l) sAjSJJbb aL ^ tfl iilJL5ju3 AC 1 ^ ^ ML4 diJ3 

J4itj ^JlI 1 eL'jLiV^ UjE ^LXi cLu^jdaJ'j .aAIAJ’ jAh 

klu-ojJ Aa^btl^ jLf AJutljJ 1 ^JL> L4 I . L^U CjL4^U1^ 

3jXdJ' ^k ^y&j iu^jjd 1 2^df ( l^dj l^LXJ j£ ^-II 1 ) 3jLiVI A4 a 5 

L-k lda-4 1 Altst,^ 4 I 0 aIL^L) fj/* k" 1 ! ~tl t JL^eJ 1 A^Jd idulJh y] ^ I 4! 0 HjJLl Jjfc OjSdl 

^ LT!U^ dil-Hfl . Autai^l LdUjAjXJy] 3 jJuSJ* jaA .cL3^d Uik. 





v 1 JLa ^Uhj JlijJoJ' 

JS3 * 4i_*£jj> ^L^ijaSJy^ ^J-dj i^JwLfty*' Jv4 L4.4A .CL) 4^4 JlB 

, Binary Code sL* wLi Jj^l> 3* ^juti ^^aSJ' w j; J>J4 l* 
^3-ijA * — ^Jl U1 aj> Pixels ■-“* t * ^s-uaLLc ^J] dJUjLS 

Boolean ( Binary) Algebra ^iuu* ^UUaJ* jj^vtSd* 

j^3-J * 4 <4 ,JhL*..l*».U <3jt-S' jJ^ RAM 4,^* cd, ^ . >1 i t V > i * y -’* _ ■ l.4i> 

■\L^ ^ fLjcjt **Wi *! > j 0 w **j L J?\a _4 ^Lrtj < wT i j JSjI hJT k: Hard Disk ^_jJL*ii' 

I ^ 1 *-;j Lt* 


iLogic Gales3l^ifekUtiIiljt>Ji 


J^* wjLjU IS> ^ A^J JLJfej 1 ■ ■■ h ^_f> 1 ^ L ■« ' ■■ » 

A ■ ‘-1 .1 ' kHib'ijJt l^‘L- JjAliJ 4_ijijj5L]J w > J 4j_-lJ J y wJ Ljl 4 jJpJ_sJ .~ Vi -. ■V > 

>' ^Sjl2\ Ji_* a ■ ^ : -■ oUUju ^>-i3 . Logic Gates 

— 4 .>.•>. .3 jJ* CiIaj jj„.ii!fc,ty * ^>Lul _ ^^UiM 4, .{,'■*. * ■ jL*./.>V 1 jj#i ^.iJ' 




.j ■ * ■»*' j ij>i » Lj.’ Inverter { NOT ) ^-..‘O .ti iji^j - \ 

.(H-A) jSLi^i U£l*Un 

input output 

1 0 

0 I 



JU£ ^I^|J £^J*{ il 1 jWjJ* 

^lu-ai 1 <Ioj V £Uil> JJLL 


,>JJ! 






Not ,j#5W* Jjj 


HIGH (1) 


-> 


LOW (0) LOW (OJ 


-t>- 


HIGH (1) 



^ Lx. 1 CjVL» 





in tout 

output 

>-iJ' 


00 

0 

01 

(t 

10 

0 

11 

l 


Jv4 _ijY ^ . I j}-aj > V] V 

juY jji>Urto l^JUJUu J*SL*ja * I will* J^SjJ bw (^10 *0 JoLa^l 

»£Lu^i* ;ltJ J^ij La 4 L+fliflf 


Aji-JJI 

IIJ^UJI 






AND j^'j>i]i 4J 1 jp ^ 



* Aj- 



HIGH (I) 
HIGH (1)- 


H3GH 0)- 
low (0]r 


-HIOH(l) 


■ LOW (0) 


LOW (0)- 
HIOH(l) 


LOW (0) - 
LOW (0)- 


-LOW(fl) 


■ LOW (0) 


AND $L*m 



ij'ju ^_>VL?- 


Uj jlLl 1i) V] U 





Alj 0^1 C U^JiM 3 - 1*^1 


■ 

■I 


l^.Lq.Jl Jn l"l S-L>* 4 ji Jj jt^*-A-* l^J tOR 4jt^J * 1" 


intput 

output 

J>-Jt 


On 

0 

01 

1 

10 

t 

1 1 

1 


O' - A) js-i w j 


w »xjM i.iT^i 1 1 Jj^SLJ jl 

- jUj j- 4 Jl! U^jI J^jc. 

. LbjA£5 w'u'^J 1 jjub ^JLi 4 JlLc« vi;.*i5.?< L*j w _J* wLUxJ 1 


A J>aJI 
BjiJJI 






OR ji^vt w >j 


i/. 

1 /. 



^ ^ OR jLL-V' v'>J 

jML>LLkJ.l ^ ^ 1 £LLi tij 


HIGH (1) f— v 

w «h < i) — 3 _^> — ™ OH 


LOW (D)- 

HTGHO)- 


HIGH (1) 


HIGH 
LOW (0) 


std- 


HJOH (1) 


LOW <0] 
LOW (0| 


JzE>— “ w 


( 0 ) 



OR juu-vi *f<jv an* 




(jyd 4jLst^i.a *U_^4_4 Clbjj' ^ LJ^^l! *jJLJ^! BjjJL • 
.2 d.^-_ , ,i tt a CLb^VI jjla Joj 3^-i ^5 3 j^LlJ| cL^j' 

JaL^ lit c « J 2 < * ^JLal 1 J£ JSJ 3 

iJ^-ljJ 1 ^JL^Ttl 1 u-j!iL5tUl ^^5 ^jLb 4 *bs-u. Jv4 £0^>i*3l Jj^JSLlyi 

Jb& »ijj^LSj Jhj' aj <Ziji ^v4 (J«3 4 . 4 , Ji ) gfijLJi 3jaJj * 

3 j 1 ^wnJ 1 lij L4^ -Sjn^ ClbajJSLh jj' ji_^j V 2ul^3tllt dji^j-ad* tLLr-j_i 

l w4 lJSg .u!^^ ^ ^Ef>. l j ^ 6 1 ^ J^pJfcJuJS i J-l.i&A 1 * A^ iJ.LS 

- ai'il j Ld^feZ <ZLjft^JSJVI 

JJU >;^4 £_4 ^yU 4j1 l 1^^5 i>j,5 £-4 ftj fo n’ v lf iaJbjJt • 

* 4k_ ' ^sJ * j^LdiiSL! 4A£ l5 ^ j_ L i*lJ L if lb ' .-^ j. ; . l 1 , 

wjl^ isluib i-i£l ^vC AjJfeJ' tblj£jd£JVt Jljsjj <J* ,j£^ ® 

.p-type ^ji^i a^Lbb u «SbJb * n-type 

d-L-ii ±j\ ^ i 5y^*J I (Jlba^jZSLftn 3 -i^H <Ll Ji SuJUua jJ * ^ " LaS • 

itbbajdSJ^fl ^ jUJlI J_^L> JjaI! LALju * jbuU k \^4^' 

J-4 jJULcJ V tlijlj lASdca 

(J^ 4 ^ 1»ilj - Jel 1 Al^U 3 jUJuUI Lg-dL/ ..Li iLLii^ yjL^-Z A 

^UuaJSJ* ^ h j JajLIaJij SjljJcll* c^baAJ SctlSOrS lZ L ^iA j^ 

* n-type p-type ^ P n Junction 2uJbiJi ^IjJi m 

'ja j n-type ^J) wJLcJb p-type J] w^I 1 i% 

ytk ^ ' i. i£-£ L^i , UL 4 L 4 I »jbL! liJJjs ^-L- - i >jtJb 

.Rectification jt^J 1 ^ dUjJ^ -jbli sj 1 ^! 

1 jbb wJL^ . jtaJut^LILl >. I'v.." ■■ m ^ i npn ^ pnp ^ws • 

ajJkjt] j-^tA j 3j^.UiJ) jLG ^ jj. JL«s >aJl; ^ J La dit jJa . Sj4-f5 [3 C jLxi 












J nij« 


* f 


aIj jjtf l s UjU^Ji JJ lUoZi 




w>uai.Yji 

i rt* ^1 IxlO H) cm * ojiULduJi ^ i ^ jl c^U^jjSjyi JLS ii] -t 

10 cm j^Sjjji 4ukJ] 

. iOLsj 1 coa diijdtAiij j^iS^ ui^i 

(n=10 J2 cnr 3 p=10 8 cm- 3 ) 

1 p-type 3I n-type ^ jjSUk*J* Ja 

(n-type jx.w^j iJLxJ i ^oa ,jjSLd^»J0 

. j 5j4 Uaj ^r 2 *^ 4 w. ■«•. i*>>- 1 — Y 

(N A =lO l2 cm 3 ) 

3 _lcLoJ 1 jLo jLS I j] *_«_r*i I jLu — umj-i («j , ^, '_■■■■*-* — 0.99 <1 ij* • u j *L~" - T 

100 nA 

(ft=99 , I c =99x10‘ 4 A) 

jLo j_j£j jjl 200 [iA ijccli 3jLAy I t**3L£ I a I - i 

.OL^a. 10 mA*^i 

(P =50 , ot=0.98) 

.iA$j VL* dlauVt 100 £2 j^LtVI AauVl ti*j 4lilo j5L«j -fl 
tail*- js^i jLat ^ iiu - 5V ^ + 5 V ^ «uLl 

(50mA, O) 

jsj i ^ i a^uai . ... * t j3 uirt^ iM j* ■ 1mm 2 yLS tij --\ 

(10' l2 m 2 ) 

jmt in^i «Luii 

. l^J 4«U j*£jJ 3 1 4^*5jJ" 1 4i_4Al 1 

Ia^Uj AND ijjljd 3 ^'^ ^ULmJ - V 
• (jffSlfi. £jSU lA^Uj OR O^jJ £JBM glllu-l “Y 




j-4-LT Li w UjLuuja^ d Tj 


. ^ jllsuJ 1 JU£, «*£.«**- dJVLi-. 1 * lfc JL. 4 u L^aI' jjljjJ* ^ 1 ) 

^jS 44 jUL* j£ ^.SjJo <JLh£> \S-4 hji ijLfi l ^ *- 1 ^ ~ - “J L^IaJ 

*J* J3m li (T) 

. jLuJJ iJlakidi 4*xdJl - 

, JjljLlll _ 

J.'.* \? ^ m*,', ** * I ■* 1 ■ ■ ^ " - 

. J>*I i 3tLiS , 

‘o - * J£ dU^liil u { r } 

jj Ji ^ l xLtl 1 1 4_4jLoJl - J " * «' ^ I jLi-U* I J J^_“tt I _ j ^ - -wl * j T-j AL^M * 

fc ,jA 

f jLmI! Ldjl> jLuU J^5%1 I UuJ jLjJJ Ui‘j ^v^LaJ ' 1 jmlIju t Jic. ( £ ) 

^ JidLd! 1 JdaJJ ^ i 1 1 JU£, LfjU.* ^w* .tu *L^ L«* ' la Luj -L^G 1 JLf- jj ( 0 ) 

iisiaJi UjO Li * isliJi dJLfr w *a Li iSGaJi 

l**k. jJJli , - : ^'-^i JLsJ, I oti li| HI AJj-Xi JSJi V O > 


4 Luj^j 3iiuJI J-uU tfbyV' jLUl ^>1* jLl)' yU/j LtV uj^ (^) 

*Qj±k*a blflj l^Uj tliULi Owi£. I |^j SjOA S^LJJ I Jix. ( A ) 

it^UL* jbti^ iujv^S 0. 1 cnr 4jJcii^ i^U*wi d LL* iidlsv# JhjJai (A) 

«<*»££ guUJi CG&± 4L. J£ 
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JjitSlI CJlill Ju*iU 





■ 4 ^ (R) wl n . ■!! I ^k. ( /) J$bJ> 4 n\ ± i 4-i^Lc, s *^j* 

t-k>jl ^jjIljJI jiJ j^Luait 

,12 m dljla dlJU-Jl k oA /jj* 4U5II4 0 
. JLLl^J 1 ^jU 445UXI (T 

■* n 1 1 Sjiii 4 iji^jpC h (t 

j.^ ■ ' ■■..* jLhj< v k jJij~Ul JLc. 0.3 cm* - ^ ■* 4^Luu*j 30m ^ t^L-> . * i l .. . { \ ■ jf 

^ W - 0.8 V Jlii ^ - 4 *^--.^ * j; dLLJ' ljtu ^j± ^wlu^ ,%j ■ ■ i 

^UlL*U J 1 ^ jjU 1 ^ I * 2 A ilJLLjjM ^3 Jliil jLj* £ JU* 

tjlS ^ * \j4>2 a A ( m ^ <i^i^ .-.. l. 4a? f X) Turn 4jbJ jul£» j£ a?> * baL* t ^ ) 

.(B) Tesla <ua^s ^u:;* JIjl* jj^ iJLAUi Jb^hs-t L}^j *>i ±Lu** 

Jib# Juj 0) U^J-L* 41 jLj 4j ** j Aij^jL-a j-a jJ* IjA J** ubJ-^ 1 ^ bdl* 

*£f(j iaJljJI iL*ii j4JJ] ud±£ (£jj1 Jj* 0 *kii ^04K jib 

jUL*JLuJU 4^jj 4£)> 4aJljJi 3^iL r jUjJ w -^ * > L*j ,bujj 5j*$ ukJl *>ua JijjjJi 

1-^JoJLLi iaA ^ 

,jj*sk^i j 20mA UUii^ jU djJ* fli 40 12 <La 1* 44jLL« ^LijjUb' H 
— iL* J+& * *ij* + 100mA Ui ■ rt M jUJ Sjl-^ j - ^ _« Juui > w J] ^dj^wJ jVJ 1 jlwJi 

T4— Ui ^L*j |«ji w j ^ > 210 12 -jj ■* ' *** 1 ■* y jl* w LiL*J 1 

>>JSy* 6 jti i ^r> 

JlLII iliLaJ ^a£.| 4^4 jill vT - 1 **' jJ 1 J>3tl 1 ‘ 

Jy* * 

iJLt 11 4 ^ 3 >^ ^ j^J^j C Jkifai ^,4 tdJ^LwVi «bj^SL V| ,w tjtJL ( ^ ) 

*J»M' 4jI>¥i jI>< 




CJIOJI -LaU cbj-uiJI 



r*\v-Y*n 





J*jLiN CJUJI Jkatf c- b j^-ud'l 



4Q0Q , jLw* pUL* J*aj 150V <ji3<jJi -C<3 juVja.^ (T * ) 

5-jk^ ^4^- 4^5LL* JS jyj j ' ij 200 12 4 j_a ^UL* y jpu |jjl5 300f J 

.(-iflolT 4* j Loll JU-4J 

jLu 4 j uti 10 V ^ * tLiJl 4 j^j j , t si + 1 Ji^j 0, tm‘ 4iLilji 4^-Luuij 2m 4ljb ilLLa ( T \ ) 

.4laU Auj^Sli Suc^LH 2A 4 jaA 

0,2kg 4 40m >3 Vi Jjla| 0, l kg 4 i U.£j 10m l«A„t j£l*. (TT) 

* Ufjt4jl&4 drtJ ^jj\i 

1 ,2V 4_iJ jJb ■L^tf 1 3 J*3 j $Sb «U£ 0.1A 4jJLyp j by 4 j ^v%J 1 * ■* ■ 1 ^ j ( T V } 

j ii-^5 Ijj bu^l sbcd ^Ia * JJjm* JSLui ^lc- diJL*Jt s JiJL^ ’3U 

, a,d ^u^allb 5y ; LtaXl Jl— *^> a bja d t C jrJlajjJLi 
jy£ jLS GLi ^n£L*j 2.5km 3 l£Luu* L^ic. i » ^ j -uJ jM-J J- ^ "■■ ( T t ) 

* 1 — alt ^ 1 S$ 220V ^ 1 1 jlc JgijiaJl ijfcf } 240V 1 AuL J^S.-Lm.!! ^ijla ^jru ^ c * 

u 1 &! 4jlaJ iJiJLdu^ dldUJl yX l jL4 a lit_4 HO A 43 Jj; fjU3 

. 1.57 x 10’ 8 fl.m dlLJi SjU ijcpi iu$Uli 

4, a i i . ' ■ T 1 s_,. >■■ r *- 1 » 0.5Q 4 ...I, * *- _ij ^ 1 ^ ~ 4 j l .3 4 4 I 2\' ^ 1 1 4jkl -4_! 1 l^ijit Sjb-L. Aj ]llaj ' ^ ^ ) 

^-LijULi ^1 ; 4 **Lb»] 1 ^*JLxJLuJ JU£ 3Uj\|sxJl *>OA J.4 JUfStall 4jjJL0 

.2fi 

HiAimv* lILLlu jJx* 0. 1 HI * 1 j_i ^jLl 4 1 JlIc ^Ervl 1 *tl jni rtT* LIS JftjC c rn > 

. 4* X 10 - 7 Web/Am ei^lJl SijjLflj J 1 U 4 .jLs Ulc i I 0 A 4j_Ll 1 jLu <j juij Jj^Li 
,5 A 4jjuu ;Lj ^jUJ 1 ^5 10A 43ju1 ;Lm JjV» >4j Jbj 1 ^4 jw i. ^ : . .. * jiSLu ('*'*') 

0. 1 HI JjY 1 y ^nSJLJ 1 ^ ^ JUiL ^l-i L olI. 1 4^LLS 

hy* j > *Axi-i I ^o3 ^3 JniL-J 1 ^3 jLJ-f 1 ^ L*ol£. 0.2m 

\a\ i rov-r*n 





jjiOn 5i£i\ -Lau 





ebjoilt 




djL-M. 4 elj^-AJ 1 dJSLAtj .^ 4 a JU^U (Tl) 

l4cdi^l \ by It ub'jj i jJ J^kJt w ^Lfcu^ 

l^^LwVl 1 ^ - *r.t 1 jpLk-i^ j S^JiUd j ‘“-*, 1 wJu^/U - ~ > { TV) 

^IjuI^U 4 ,iw>J 1 SbjIiJl c jp-J .jfl LAj> ■_ i ml l ,1*. . il Sf 4xj j fc J a> jj^SJ * ^A&aJb >r\ <1 H L» ( T" A ) 

fJjUdul^b AsJj (jlili d 4 1 « u ' tJ ) ^ ■ ■ Ai ^ Ilk?' Vila J j M 4^c a^A lLa jjJju (^^) 

£ £4 ,^Jh' 4^-jXi ^ *t->it 1 ^ ■_ VtL* ■_j^SL-« a^SLJL 1 j- «; ( £ ■ ) 

sbtlj ^*'j a ii ^jS^j^bL 1 w >£, 4 j 3 l* jL^a? 1 ’oa Jail 

#3jjkJi jijitTi** ji^ i ^ jj I* I SL > K 4 Jt*a*3 t ^jn-iJlj t £ ^ 

5* dLrfft A ,4 Ai' Jj ^ >\Ill. S 6) V| S.lU.1 J** ^jlrt V1 1 t U^Irfcl 1 J.k M1J ¥ tjk (£t) 

. JbjMii <lxAJ ijjliJt AlbfcJ^ 

4*jUm J 1 ^S J| j-J^ ^Jj jiji^J 1 ^ j\i jbfct i 4^ ^>>44 ij^JJi jj-J 1 Li ( tr) 

L v-J * * JbAfll j^L* w ,k IljJLSM 3^11 l-j-A^LI A, 1 JdLijt jLja-jjLj i Jk ( 1 1 } 

L jjjlSil ^jxj LakA 4 - jg ~y 1 JjJ ^ 

JLt-iJ» yl Ji4AT» «U3i j^AJt ^ k^IAl ( £4) 

tSbjUJl J >Ui dUj JLl ^liaJj V 

ukuV 1 ^Ia-W. r»UjJ Jjl 4J>LmJLi 5a>pi jjAju (t-o 

ijjLUJl jpylA ^t«j] ijji J^-auaAb ^u«a | j L .^r ... T > 

j^J ^UjI ^ Jj vu a k ^ ijS 4j jjjJi £— >* ( £ V) 

Aj; 1 4Lljj^» 4-fl Ua ^^M^SJl 44 HaJ 1 JjjJfcU VLLa ^jj-u ^ J ^ j * " ij 


) JL^ iJT 

f'^tajjLl 1 ubLJ^ JJd 1 -ji ^ L k ±j-+* ^w4 ^ ^ jk«J 1 j^^iLiJ 1 ^ ^ j ^. . n ^j\j ^jVi ( ) 

.U^L* jjili ^1 

JB 


oiii:i Ju&u £ b^-uill 




rov-r*u 





f OP J < ^£jt Uj SxLALh <w SjLLU Jjtfhe&dl 1 U (O') 

1,^,,a m.ilCi 4 ^j*M * j>«£^ ^AdLuajll SjLt 1 acLL^ ^il^J 4 a 5L**U ^XdLj { ^ ^ ) 

- 4i> js^«a» 

t dJUl 1 1 1 jy* JS jjlbi L ( a x ) 

’^-y* i _ 4 juLjJI 3jjJ‘ _ du^^li 3^*-i-l 

uL *- ftfl j\jJ rn tjUl ,JK* Juuijp* 4 jUJD 

^ /-J >Vi jLu a t-JLuJ 1 V^iJl ^v* diJj 

di-i 4^U ej^JLI ) 

* .ijibJ I I (jprfLi^n djlr*- jjjl -UjLaJ 1 4,1. I {jgtf Ujii { d t ) 

- jjtjJLU jtuJi ftajjtlj ioUiJl J 1 ^Ui 4 muS^ ^^ 1 ^ pi (VMfjlt jj ^T-i 1 ^ 60 j 
.rLIi*£ 4JU^ J*ju jjJ* ,^*^1 £>il (*l) 


**j 3.975 X 10~ 19 7 ^ £jil ^J^Ji yiui ^iS Ijt < av J 

jJC- Aji, jJl Ijjl Jai j J Jail 4 j ll j Jj. .,jLl U ji j ui Ja jjL. 

: 4JU JS^i c— J ( 31 00A° - SOOOA 0 - 6 OOOA 0 ) ^ mJ>1> 

Y j' j*i jit*]! —-la— ,j* 1 ^ '■* y*' Ja 

<5&^4 j i/'iajUft jjSSiyi <SJU l,. u^.%1 dJL-* ^ji -2 

(6.625 x 10 -34 /.S ^ 9.1 x 10 ~ 2X Kg OjjSSiyi ) jL Uk 

Ajii Jjj j 4 x 10 4 K ' 4 ^ ijjs jjlc- 4 j~'j..^ jJjSl J*«~ (*a) 

; ■, _ i.n^l %2 <j^jVl StliS ujlS ljji 5mA 


(0.31 A° ) 
( 2001V ) 
(4 W ) 


4^jljjl 4jij...\l Sji*j jU ^ yt J ys J >»»1 - J 
y yj y J 1 ^ ^ •'^~i... Jill 4ajj^£ll ki'Ja! 1 Jit* -2 

AaJLill A lU. J' <ilJa J^i* -3 


*w-r*n 
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^LljLj^uoJI iliL-cSJII J i i j^_4j 

Symbols and Units of Some Physical Quantities 


\ i S T 1 A 1 & 




m (meter) 

x,yx4 

a — 


m 2 

A 

4^^ jjkl ^ 

V 

m 3 

v 0 , 


y 

s (second) 

t 

<3— 

t 

s 

T 


0 

m s ! 

V 

4 f J r u T 1 

1 

deg , rad 

a ? 0,<j> 

4_Jalj 1' 

V 

rad s _l 

to 

■ s'atjjl i! J]1 

A 

kg 

m,M 

aj xh 


kg 

m e 

cs^£J>i ais 

* 4 

kg nr 3 

P 


\ \ 

m s‘ 2 

a 

4JL_5t*Jl 

\y 

m s“ 2 

g 

4jj2bJi 4btc 

H 

kg m s' 1 

p L 

iutiitJ 1 d-ui£ 

U 

N , kg ms -2 

F 


tfi 

N(Newton) 

F i 

uj> I' 

H 

Nm 

i 


'V 

J(Joule) 

W 

cUi-Ah 

\a 

J 

E 

a_J}L_LaJt 


J 

KE 

Lta 

Y* 

J 

PE 

£jyss ^Jl diUb 

T' 


Y.W-T*n 


jJfiQl OJliJl 





L uU- 

jJLiUl > Jl 

ii r" 1 1 1 

f* 

W , Js* ! (watt) 

p„ 

L- 3 Si 

YY 

Ns 

^imp 


rr 

Celsius, Fahrenheit, Kelvin 

t°C , t°F , T°K 


Yi 

mole 

n 


rc 

Pascal , Nm 2 

p 

Ia ■» ^ tl 

YI 

Pascal , Nm' 2 

P a 


TV 

J 

Q,h 


tA 

J kg' 1 °K ' 

c lh 


Y^ 

J°K' ! 

q, h 

dl 1 a tl 

r* 

Jkg 1 

B th 

Vi < i 1 1 

v> 

J kg ’ 

I"th 

;L^ut>U duA lS3^ 5 J ^ jJfcl 1 

YY 


ot v 

jiiU -SJuu]* 

YY 


Bp 

jLi J* 

n 

kg/s 

Qm 

^ISJ' ^Lu^Vi Jj« 

YC 

m 3 /s 

Qv 

i_iUiiijVf Jj UL4 

YI 

Ns nr 2 

n vs 


TV 



3c 1 r Xtl 

TA 

C (Coulomb) 

Q>q 

^r,i* 1^ 

Y^ 

C 

e 


i* 

V (Volt) 

V 

04*11 & 


V 

v B 

djjlLuJi JL^s- ^aji 

ir 

V 

emf 


it 

Vm ! 

e 

ijlrel 1 £JLii 

ii 

Gauss 

i 

l? 

iC 


tttlStl liatf 






*_ _ Zb tl 

a. 


A (Ampere) 

I 

jUU' 

it 

Q. (Ohm) 

R 


iV 

Q m 

Pe 

Ajl£,$ 11 \ 4 - 4 jGJLI 

iA 

Q 1 nr' 

a 

.ys Tl 



oc 6 

j uC ' 

a* 

A nr 1 

H 

it^LiAtU Jbtl 1 £JlA 

*\ 

Tesla , Wb m 2 

B 

^ 1 14, t j 1 1 

2 r 

Web (Weber) 

<l>m 

^ f Jd 1 1^1 i 1 1 J* Tl 

2r 

H (Henry) 

L m 

A^l ,> 1*4 

fit 

H 

M m 

J^uaf isJl ,> 1*4 

22 

Weber A' 1 m -1 


fdi , nit^l ■ *T 1 du^LilJl 

at 

Nm Tesla -1 

"C 

■jjii 

fiV 

ms -1 

c 


fiA 

Hertz (Hz) 

V 

oraN .u>ii 


Hz 

f 

^>11 

"1 + 

in 

X 

^>11 JjtaJl 


— 

n 

££u&H jLjiCo |J^ijL 4 

’V 

— 

®oc 


IT 


Y.W-Y.n 


ijjjftl OJliJl 





<U^Lull wu f c^jJI 

Fundamental Physical Constants 


4j^ JjJI 

1 JAJ 

<Luby_ulll 

6.677x1 O' 11 N m 2 kg’ 2 

G 

Universal gravitational constant aUJi pJ 1 

1 .38x1 O' 23 JBK' 1 

k 

Boltzmann constant 

-r 

6.02xl0‘ ( ’ Moleculc.kmol 1 

N a 

Avogadro s number 

±j-c. -V 

8.31x1 0 3 J.kmof l BK' 1 

R 

Universal gas constant 

clljUll fL*]< dxjLib -l 

9xl0 9 Nm 2 C‘ 2 

k 

Coulomb s Law Constant iidli -£ 

4,,xl0' 7 Weber m" , A' 1 

F 

Permeability of free Space 


3x10 s m.s' ! 

c 

Speed of Light in Vacuum ^>iJl - j -V 

1 .6x1 O' 19 C 

e 

Elementary charge 

*A 

9.1x1 0'"’ 1 kg 

m e 

Electron rest mass 

SJ1S -A 

1.79xlO n C.kg' ! 

e 

m e 

Specific charge of electron 


1 .673x1 O’ 27 kg 

m p 

Proton rest mass 

aJJ _j t u h i ±\"—f\ - \y 

6.63x1 O' 34 Js 

h 

Planck s constant 

cqlj - 'i r 

1 ,66x1 O' 27 kg 

u 

Atomic mass unit 

ijall JXJI 5 jl>* -u 

1. 096x1 0 7 m* ! 

Rh 

Rydberg constant 


1 ,675xl0" 27 kg 

m n 

Neutron rest mass 


22.4x1 O' 3 m 3 


2 A JjL3L4 'Lil 1 - J* -W 

Molar volume of ideal gas at S.T.P 

9.8066 ms’“ 

g 

^jSfl (Jc. 2ujjbsJt Sjl A -\V 

Standard gravity at Earth s surface 

6,374xl0 (> m 

h 

i kWl - \ A 

Equatorial radius of the Earth 

5.976xl0 24 kg 

M c 

Mass of the Earth 

^ A 

7.35xl0 22 kg 

M m 

Mass of the Moon 

jv4j±J * ■ V 4 

3.844x10 s m 

r m 

Mean radius of the Moon 

j|j*4 i. tlu" 1 ! 1^5 i,,c jub "VI 

s orbit around the Earth 

1.989xl0 30 kg 

M s 

Mass of the Sun 

* 4juS " V V 





Y*\V- Y* 





A_JJ JbJt 



1.496x10“ m 

*es 

mj tl [ la t * jj^i *VT 

Mean radius of Earth s orbit around the Sun 

3. 156xl0 7 s 

yr 

(jj-flAJ 1 Lt i3 jSf 1 (j'jO-S "Vi 

Period of Earth s orbit around the Sun 

7.5xlCT° m 

— 

Diameter of our galaxy t^J *jCJi 1 -ti 

2.7x1 0 41 kg 

— 

Mass of our galaxy *.i< jjUJI Sj^J ' iLS - VI 

7x10 s m 

— 

Radius of the Sim A.tt .U 5 . ‘ rt ,^s -VV 

0.134 J cm'" s' 1 

— 

q&j V' u ^Jlc aJLS -VA 

Sun $ radiation intensity at Earth s surface 













g LgAft jjniaJLj g to, /.at 


i rtA^X^j ^-jWIi jblj 

(l£U JjI ) vLlSj-J' • 

(U£Y - >«VY ) 


Ot0 ^ • 

0*«* - Y) 

L^1j-Ju?fet( (aJb. ^ juIj 

jlaiS i jd£ 

-Lgjc.4 jjbejjJ' ^j' • 

0 *a - m) 

I. rt^ Tb tj-iUjla i — >lju-£iljjJ^ ,^^3 Jbij 

• f-cic 

u^0 CjM- ^ • 

0*i* - w) 

^.ual—i-fl) cU'wuJlIU ■* * *»\*h LJf a Jj!j 

* u-^tl 

t £poiiJ L-i^iiaj LJiit^j jjj' • 

(AVT-A*0 O^SJO 

^ 7-l-l-j^i-l \a L-g l^^-3-jlj-All ^WjL?t*4 

.SLuj^dSll^i 

((jjU^i) • 

Edison (Thomas) 
(1847 - 1931) 

£j^ 1 jLfl >Lzk^ 4 jU_LjJ 1^1-4 £JL*Jl£. < li Jil *, fCl 4 ] 

Stjilfl j)AWl l^t^i J \A4 Jj 

^J^-Ug HI ji ® 

Arkhimedes 
(287 -212 j^4ll J*i) 

SJllaL-lll ij vUlh w^-LuS ^Li'Lu^ 

.4xt^U 43 0)^*11 isUjlitfl kbbj\^fcJLj 

CjjJULdi) *j^Uy^£S • 

Avogadro (Amedeo) 
(1776- 1856) 


^uji uf&i 



r*w- Y*n 





A- 1_ r ^i- i-UL \ a cU^^SLI 1 ^JuC. j^w-- 1 

• J*l ^JdlJIa 

Gj^ - dJjbji) ^xu' • 
Ampere (Andre - Marie) 
(1775 - 1836) 

.1820 

l UijJ^ ) JtLuiJji ® 

Oersted (Christian) 
(1777 -1851) 

d_ijLJtLrfejl ejljU-JJ^ ^JUi / Jb^wi-3 

4tub j >^£_h dialjJI S^it* ■ AflXb 

■ ^ Jiili 4ctu^f f\3& iub^SJl 

(s^) ^ • 

Ohm (George) 
(1789 - 1854) 

1921 f 'uL cbbjuitJ 1 ^k Jj^b SJ^L> jL> 

d ..f.r^Lj- j dj^vtiUl 4iL^4JUid 

• jjut_2H J;^jL 5 2bSV 

(dL^Ji) jjlLlL' • 
Einstein (Albert) 
(1879 - 1955) 

l -4 bjL^Luk^J Jj d.i n 4'f- bbtbJ^g 4J 
^I^JI U4..2 ^Hjl^ij ^Sj-it-lLl JjI^jluJI Jbs-4 

•JjIj-uJI cO^i *Ul* 

(UL) JtSLub • 

Pascal (Blaise) 
(1623 - 1662) 

^ c 1 *. . ^ a lijuLSLtlb ."'t-.i L i-jjfl ^|tt* _ulj 

.idUi 

tjLVJ! £iju • 
jAz (^>* 1 1 j'jjJ 1 34 ) 

i a d_j_ufjjL3 ^2*1 j^'i_jArtjl ^bb bu J 
4^ vjLJl cbuJ 1 Jjdfc-U d.t*._L f nit b-%. 

* 1915 ^lii gbUAJ! 'j* Jj^j S^b*- 4^4^ jb* 

(fpJ*) &J1 * ! 
Bragg (William) 
(1862- 1942) 

1922 cb^-^bJ 1 J^b SjjLj^ jL> 

cLu-AJ 4 -JU-jJ 1 l m -L^ a-»_a 1> <bL^j-3J 

. 424 dliuil djLti^fl j bbfj jU ^U*-* jl!I 

04j) • 

Bohr (Neils) 
(1885 - 1962) 

.bUjUtl* t* j^ila l^iAjSI 

(CjjJJj) Jj^j • 

Boyle (Robert) 
(1627- 1691) 


Y.\v-r*n 


0)^1 






Torricelli (Evangelista) 


(1608- 1647) 

c' cy* Ji’3 o-^Lj3 — 1 — '-2 

j-4 J/t* ilSJ 1 Jw^Jaj V Jb j*su* 

(^IjJb-) ^xlxJb- • 
Galileo (Galilei) 

. 1 rt 1 1 1 — ij£-r-ulf tl *_Lu3 

(1564- 1642) 

^\c. 4j 'L?- 1 i —*^ * ti-tl+A 

jJ^j C^L^,tlla i -l. . t y+ ^vi |_ji jj 

Galvni (Luigi) 


(1737 - 1798) 

u- 4 Ji' lCh^! ^Mj-i-^5 i _4 l —^H_S 

*4 :1 jUlJ* ^1 \ (Jjjlf ^JU-iULi, 1 j £jJLh 3 ju£i 

(c>^) b^ 1 - • 
Dalton (John) 


(1766- 1844) 

SjjJI JL_S^J 4 _jlU_jlLI ibUl^^b |«Ia1 

fLc cl ^<1 j&Jl ^ Jj^l' 5_)4L*- Jba ^L*. n)jlj 

O^uiijl) 4;^ jjj • 
Rutherford (Ernest) 

j^UaU ^LaA>I JM^Vi ^ 45buV \ W 

(1871 - 1937) 

^SIjuISLa-^ ^ / JlLl 1 J^U-3 1 Jyfi fCkJLiL 

iUk-u-b 5 l5*jjlLI cb^v^SJb 

i 1 fliJtJ ^ L_J.L4 LiliAJ f i 

Ruhmkorff (Heinrich) 

/ t on"! I Q1~J\ 


( l oUj - t o / / J 

4JLaj) ^UjULjjJ' d% m V 1 i .-i *j.iCl ^Ui ^jL) ulB 

•M 

((fti^iifl) ^Scljjj • 
Rontgen (Wilhelm) 
(1845 - 1923) 

^ 4jL*jV Jj^ 3\jL^ JO jljLui^i ^bbxj 

• ' ^YY pLi d^Ul 4xJ^I 

ChSijO >^-5-.^ • 
Schrodinger (Erwin) 

(1887 - 1961) 

t^4 ,U U i 5j lSuuLL-u<v ' jlju^J 1 |^JLc JjI ‘ 

jJjS Ju£ • 

fcjUJO 
^ o-JO 





f A **■ i—LLL AkaUiL4 fljb^SLJl Jru'x£ ■ 

.jun 

(JSuU)^bljli« 
Faraday (Michael) 
(1791 - 1867) 

1910 jsL c. Jj^j £VjL?- j>il4 
Jji>J ' 5 ^'jUU JlaJl ihUl 2 J^*Ul 

(^)Ajb^) £jL£ ® 

Van Der Waals (Johannes) 
(1837 - 1923) 

|J -‘ ~ V * T ^CoJiL^-Ll 1 Jttfl * 1 

CjlijpVb >«3UaJl cTiliit-a i^s-a (Jt 2 jJ< ,_JJ' 

• qsA h4I ^ 

( 0^2 >3^i*ba • 

Fraunhofer (Joseph Von) 
(1787 - 1826) 

^L^SLH ^ 

jLxlJI 4 L>tij (Sjjliis-Jl) 

*4-4Uxtj JL£*JI jmjU5 ij&A 

(tfjjdLjjJl) 11)^2 • 

Volta (Alessandro) 
(1745 - 1827) 

* la ^5lLiiL JiLutd ^Jbj-JL£ 

CjiU (1 938 Jj^j) 4jj jJl 2 £. 11 ^ 

4iiiL jq jj-^Llr. ^LlsJ Jj 4jbtji 

Fermi (Enrico) 
(1901 - 1954) 

ifcJ ic, 4j^bJ 1913 (*Lc, cbjwuiiJ 1 Jjjj 3 jjL^ JO 

rLIji C;i’ k A ^ :ti 3 cl?* 0 oiLc ><>h 

jjLsdl j3 J-UiijJJ 1 S^fclL: laL *^IPj JjLloJ 1 

kIL^Ji jiuuj 

^21^x4^ ® 
Kamelingh (Onnes) 
(1853 - 1926) 

w-S*^SJ( * t^SUl ^SLLs 

^LaJf 1 — lArfeJ’ ^jjIJs WiTi ^ 1 0 

jJLa^ ^ j 

Kepler (Johannes) 
(1571 - 1630) 

*Lw=jSl 3jSUi ctj^ daS* ^rSlia 

* 1^ 1 f< ^ 1 

Copernicus (Nicolas) 
(1473 - 1543) 

*ku ^SLh uUjJI Jnj 1 ^ L_kAjSl JAX\ ^jL u* 

d£ • 

Kirchhoff (Gustav) 
(1824 - 1887) 


Y*>v - Y*n 


OJttl 





■ ■ " ' f 1 jLuJU ^ + t * **■ 1 1 4UJ v^SUl 

( c i^) JJJ • 
Lenz (Heinrich) 
(1804- 1865) 

1918 >Lx cLj>_ J j^j Z'jjLzt 
cb^juJ 1 i >J^u ^J] oj s <CiL4jitJ Lsl^IcU 

, H li^J ! J1USJ jpdJk! 1 4sLluSi dhsiJ Ai 

Planck (Max) 
(1858-1947) ; 

^UU djLuoLalli^j^SJl jj-ssj^S 1 <_>* Jji 

.Jj^U i^jVjsLsU^ « lL 4 u, 

Jjj i • 

Maxwell (James) 
(1831 - 1879) 

ajuibtJt 

j4^JQ G 

Newton (Isaac) 
(1642- 1727) 

^LAU ^uuLj^-^SLfl CjLr-^tl ■ ^ *■ * ^ 

^ ujV^L3L4 jk4 dJUuLa/Vl 

Hertz (Heinrich) 
(1857 - 1894) 

i ib^uJ* — ^joSl ^_y4 4 ^ 

(j 1 -Lllu J j^) A * Jt 4 

Huygens (Christian) 
{1629 - 1695) 

c J| cl^Ji (tuA 1 wU iLs 4 ^jUj_juS 

^P^yuajl J^ 1 Ijtl ^ -^4-*- 4 Ui 'L^' 

+c4m^al] dj ,i.1 1 j 

• 

Young (Thomas) 
(1773 -1829) ' 
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